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INTRODUCTION 
Whenever a guardrail terminates 
within the "clear zone , "  a crashworthy end 
treatment i s  desired . To be crashworthy , 
the end treatment should not spear , vault , 
or roll a vehicle during a head-on impact 
while maintaining vehicle decelerations 
below recommended limits ( 1 ,  2) . Also , 
for impacts between the end and standard 
section, the end must be properly anchored 
so it has the same redirectional 
characteristics as the standard roadside 
barri e r .  
There have been several modifications 
in recommended standards used for 
guardrail end treatments . For \v-beam 
guardrail , the end treatment originally 
involved adding a slightly flared end shoe 
to the guardrail . However ,  that treatment 
was ineffective because of the tendency of 
the guardrail to spear the vehicle during 
head-on impact s .  That treatment was 
replaced by a standard specifying the end 
to be twi sted 9 0  degrees and anchored to 
the g round . That eliminated the spearing 
problem but created the potential for 
vehicles to vault or rollover after head­
on impacts . Modifications have been made 
in the design of the treatment to 
alleviate the problem ( 3 ) . 
The current recommended standard is 
the breakaway-cable-terminal (BCT) . The 
end treatment consists of a rail placed in 
a 3 7  . 5-foot parabola with the end post 
offset 4 feet from the back of the rail 
for the 
impact s ,  
to be· 
straight section . For head-on 
the flare causes vehicle forces 
introduced into the rail 
reducin the column 
strength of the rail , thus reducing the 
tendency for spearing . The first two 
posts have a hole bored in them , when 
wood,  or have a slipbase ,  when steel , so 
they will break during a head-on impact. 
The breaking of the end past minimizes 
spearing forces while breaking the second 
post reduces the tendency for the rail to 
act as a ramp . The posts are anchored to 
reduce the tendency for the post to rotate 
in the soil , assuring that the post will 
break upon end impact s .  A curved terminal 
section distributes loads over a large 
area and lessens chances of spearing . The . ' 
1 
guardrail i s  attached by a cable to the 
end post. The cable transfers forces from 
beam to end post and is needed to resist 
impact downstream from the end . 
Another alternative involves 
terminating and anchoring the guardrail 
end into a cut slop e .  The treatment is 
considered adequate but should only be 
used when the end can be flared and 
introduced at full height into the cut 
slope . 
The previously discussed end 
treatments are used with steel W-beam 
guardrail,  which is the most common type 
used . Other types of guardrail include 
box beam and cable, which also may have 
different types of end treatments . 
\vhen guardrail is installed in a 
median, designs are usually different from 
those used for roadside barriers .  Median 
barrier guardrail systems are classified 
as flexible e� semirigia (1) The 
flexible median barrier will deflect upon 
lmpact . Ihe semlr igid-----median i:Jarr ier wil-l---
deflect moderately and will reduc e impact 
forces on vehicle passenger s .  The 
treatment used may vary with median width 
and type of obstruction. 
The various end treatments provide 
alternatives that may be used . Kentucky , 
as we ll as other states,  continues to have 
problems as design of guardrail end 
treatments evolves . The currently 
recommended design used at earth and/or 
soft rock cut sections is the buried end­
treatment (Kentucky' s Type 3 ) .  On all 
fills and solid rock cut sections having 
an adequate vehicle recovery zone behind 
the guardrail , the breakaway-cable­
terminal ( BCT) end treatment (Kentucky' s 
Type 4) is recommen e • 
cut sections not having an adequate 
recovery zone behind the guardrail, the 
cable-anchored curled-terminal section 
(Kentucky' s Type 2A) is recommended . 
Complicated and changing designs for 
guardrail end treatments have created 
significant maintenance problems when the 
guardrail must be replaced . Criteria or 
guidelines for replacement of damaged 
guardrails would aid maintenance 
personne l .  
As a means o f  determining types of 
end treatments currently used in various 
s tates and criteria to determine what 
types to use, a survey letter was sent to 
each state . Information concerning 
guardrail end-treatment standards and 
their related warrants were reques ted . 
This report documents the results of the 
survey . Included is data on different end 
treatments and related guidelines for 
their use . Recommendations for guardrail 
end-treatment usage in Kentucky are also 
presented . 
SURVEY RESULTS 
The survey letter was sent to a 
design engineer in each state explaining 
the ob jectives of the study and the 
information requested .  A copy of the 
letter is included as Appendix A .  
Responses to that letter were received 
from 4 5  stat e s .  States not responding to 
the letter were contacted oy phone so that 
input was obtained from all 5 0  state s .  
Information obtained wa s summarized 
by two methods .  A summary on a s tate-by­
state basis is presented in Appendix B .  A 
format was selected for use in summarizing 
responses from each state . The outline is 
as follows: 
A .  Roadside Steel-Beam 
1. BCT 
2 .  Tui:ned-Down 
3 .  Other 
B .  Other Types of Roadside Guardrail 
c. Median-Barrier End Treatments 
D .  Guidelines 
The second summary was by type of end 
treatment.  The same outline as that used 
for the state-by-state summary was used . 
However , in the second summary , responses 
from all s tates concerning a given end 
treatment were combined . Following is a 
discussion of the summary. 
ROADS IDE STEEL-BEN1 GUARDRAIL 
The most common guardrail used is the 
s teel (W-beam) guardrail . While some 
states used other types of guardrail ,  all 
use the steel beam to some degree . The 
most common approach end treatments 
currently used for steel-beam guardrails 
include the BCT,  the turned-down , and 
burying the end in a cut slope . 
2 
There was a general consensus among 
most states that burying the guardrail end 
in a cut slope was the preferable end 
treatment. However ,  this may only be done 
'"here roadway geometries alloH . In lieu 
of this treatmen t ,  either the BCT or 
turned-down end treatment is commonly 
used . The most common end treatment used 
was the BCT with 40 s tates listing use of 
this treatment to some degre e .  A large 
number .of states (24) noted use of the 
turned-down end treatment.  In 1 4  state s ,  
both the BCT and · turned-down treatments 
were used . A summary, by state , of use of 
either BCT, turned-down , or other steel­
beam approach end treatments ( excluding 
burying end in cut slope) is presented in 
Table 1 .  In 24 states , only the BCT is 
used . In eight states , only the turned­
down treatment was used . Of the 1 4  states 
in which both BCI and turned down 
treatments were used, responses indicated 
5 preferred BCT, 5 preferred turned down , 
and preference could not be determined in 
4 instances . 
Seven s tates indicated they used 
approach end treatments other than the 
BCT, turned-down, or buried-in-cut-slope .  
The end treatment preferred in Hawaii 
involved flaring the guardrail into an 
earth mound . Idaho also uses an earth 
mound for roadside guardrail end 
treatments .  Another type of approach 
treatment involved flaring a rtonbreakaway 
end treatment away from -approach traffic . 
That treatment is more commonly used on 
low volume highways . 
Following is a more detailed summary 
of the types of roadside guardrail used . 
The summaries are for BCT, turned down, 
and " other" . The other treatments include 
buried-in-cut-slop e ,  downstream ( trailing) 
termina l ,  earth mound , and flared , 
nonbreakaway treatment . 
Breakaway-Cable-Terminal 
The breakaway-cable-te-rminal (BCT) 
end treatment was used with roadside 
steel-beam guardrail in 40 s tate s .  As 
previously noted , the BCT was the 
preferred end treatment when the guardrail 
end could not be buried into a cut slope.  
BCT' s are generally categorized as either 
a wood-po st or steel-post design . 
Specifications for those two types of 
design are presented in the American 
Association of State Highway and 
Transportation Officials' (AASHTO) 
publication titled "Guide for Selecting, 
Locating, and Designing Traffic Barriers "  
( 1 ) . The AASHTO design guide is the most 
current recommended procedure for end 
treatments, and wood-po st and steel-post 
designs are considered to be acceptable 
operational end treatments . For those BCT 
designs, the "length of need" should be 
considered to begin at the third post 
( 1 2 . 5  feet) from the end . Details of the 
flare, position, and offset of posts used 
in the typical BCT end treatment are shown 
i n  Figure 1 .  Details of the typical 
construction of the breakaway portion of 
the BCT end treatme nt are· shown in Figure 
2 .  
from the surve were com ared 
to recommended AASHTO designs (1) .  Table 
----2----i ---S a summary of BCT specifications from 
each of the 40 states reporting its use.  
Included in the Table 2 are 1 1  categories 
of specifications that represent most 
major design features of the BCT. 
The length of parabola is the end­
treatment length from terminal post to the 
tangent section of guardrail when the 
curve d flare is known to be parabolic . 
Flare distance is the same section between 
terminal pos t  and tangent section when the 
flared section is not specified as 
parabolic .  In 2 9  of the 40 s tates, the 
length of parabola was 37 . 5  feet. Only 
two other s tates (Delaware and Louisiana) 
had a parabola that was different in 
length. The flared section was not 
specified a� paraUolic in nine st:ates. 
Flare distance wa s greatest in Oregon, 
where the flare length varied from 5 0  feet 
to 1 1 2 . 5  feet. 
Offset distance is the lateral 
distance between the face of guardrail at 
the terminal post and back of rail at the 
tangent sectio n .  In 3 1  s tates, the offset 
was specified as 4 feet. Acceptable 
ranges of offset distances in o ther states 
varied from 1 to 4 feet in Illinois to 4 
to 1 0  feet in Oregon . 
Spacing of posts was compared to 
AASHTO s tandards for wood-pos t  and steel­
post designs . As shown in Figures 1 and 
3 
2, the spacing of posts is different for 
the wood-pos t  as compared to the s teel­
post design.  In the wood-post design, all 
end-treatment posts are spaced a t  
6 . 25-foot intervals . For the ·steel-post 
design, the terminal posts (two posts at 
the end) are spaced at 6 . 25 feet; the next 
three posts are spaced a t  4 . 17  feet; and 
the last two posts are spaced at 6 .  25 
feet. ·In 35 �tates, post spacings were as 
recommended in the AASHTO guidelines . 
California uses a spacing of 6 . 25 feet for 
bo th wood- a nd steel-post designs . Maine 
uses AASHTO steel-post spacing for both 
wood- and steel-post designs . 
Terminal posts are the two breakaway 
posts at the end of the flared section .  
Those posts may be either wood (usually 6 
by 8 inches) or steel (6 by 6 by 0 . 1875 
inches) . Wood terminal posts were used 
exclusively in 30 states and steel 
terminal pos ts were use exc us ve y 1 n  
state s .  I n  seven states, both wood and 
steel terminal posts were used . 
Approach posts are those between the 
two terminal posts and the tangent section 
guardrail pos ts .  For the wood-pos t  
design, there are five approach posts, 
including the one at the beginning of the 
tangent section .  For the steel-post 
design, there are six approach posts, 
including the one at the beginning of the 
tangent section. In 18 states, wood 
approach posts were used, without steel 
posts as an alternate . Steel posts were 
used exclusively in seven state s .  In 1 5  
states, both wood and steel approach posts 
were used . 
The method of anchoring ter�i nal 
pests also varied throughout the states. 
However, all methods fell within the 
general categories of concrete anchor or 
steel-tube anchor . The steel-tube anchor, 
which was used exclusively in seven 
states, was generally used to secure wood 
terminal posts . Exceptions included 
Alabama, Illinois, and Naine, where both 
wood and steel terminal posts were 
anchored in steel tubes . In 19 s tates, 
the concrete anchor was used without the 
steel tube as an alternate . Bo th the 
concrete anchor and the stee l-tube anchor 
were used in 1 1  s tates. 
A final specification for BCT end 
treatments included in the summary was the 
use of a diaphragm in the nose section. A 
diaphragm generally is used to strengthen 
the buffer end section, which usually is a 
thin piece of steel sheet metal . The end 
section is easily damaged by slight 
impacts of mowing or maintenance vehicle s .  
An additional purpose o f  the diaphragm i s  
t o  reduce the possibility o f  spearing 
during straight-on collisions between 
small cars and the BCT end treatment .  It 
was noted that eight states used 
diaphragms in the end buffer section. 
Turned-Down End Treatment 
This type of end treatment was used 
in 24 states . As opposed to the BCT, 
there is no recommended national standard . 
Specifications vary from state to. state . 
The general trend has been to provide for 
a longer twis ted section than the original 
design to alleviate vaulting and rollover 
problems . Additional modifications have 
been made to the turned-down treatment to 
eliminate ramping and rollover problems 
( 3 ) . Examples of types of turned-down end 
treatments are shown in Figures 3-5.  
A summary (by state) of some 
specifications that describe the turned­
down end treatment is presented in Table 
3 .  Portions of specifications summarized 
include total length of the end treatment , 
distance guardrail is twisted, end­
treatment distance prior to twist,  
distance from last post to end, and end 
offset distance . 
The average total length of turned­
down end treatment was 48 feet. The 
length varied from a maximum of 150  feet 
to a minimum of 1 1  feet . The total length 
may generally be divided into two 
sections; the dis tance the guardrail is 
twisted, and a distance prior to the 
twi s t .  The average distance the guardrail 
was twisted 90 degrees and anchored was 26 
feet . In 18 of the 24 states , the 
distance the guardrail was twisted was 25 
feet ( for at least one type when two 
alternatives were given) .  In t wo state s ,  
the guardrail was not twisted but was 
slanted into the ground. In seven states, 
the end anchor was buried along with 
approximately one half of the twisted 
rail . 
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The end treatment extended in advance 
(upstream) of the twisted portion in 15 
states .  That distance averaged 34 feet in 
those states and consisted of either a 
section of guardrail having increased post 
spacings (typically 12 .5  feet instead of 
the standard 6 .25 feet) or a flared 
section of rail or a combination of those 
two features .  
The distance frqm the last post to 
the end averaged 18 feet. That distance 
was equal to the distance the guardrail 
was twisted in 15 of 28 specifications . 
In mo st cases, no posts were placed in the 
twisted section. 
The guardrail end (anchor) was offset 
in 17 of the specifications .  The offset 
distance was measured from the typical 
line of guardrail .  For those having an 
offset, the average offset distance was 
4 . 4  feet . 
rwo spec1t1cat1ons provided a 
weakened connection between the guardrail 
and last five posts . In another instance, 
the first three wood posts were weakened 
by a hole drilled in the posts . The 
purpose of those modifications was to 
minimize the problem of vaul ting or 
rollover associated with the original 
design of a turned-down end treatment . 
Other Roadside Steel-Beam End Treatments 
In addition to the BCT and turned­
down treatments, specifications for other 
end treatments were given by several 
states (Table 4 ) . For approach end 
treatment s ,  the buried-in-cut-slope was 
listed most frequently . Some other states 
provided information on their end 
treatment used in rock cut sections . 
Other categories of approach end 
treatments included a flared nonbreakaway 
treatment and a treatment utilizing an 
earth mound . Several states provided 
specifications for their downstream 
( trailing) end treatment . 
Buried-in-Cut-Slope -- Specifications 
for this end treatment were sent by 22 
states.  Other states probably also use 
this end treatment. In a large number of 
instance s ,  this was given as the best 
approach end treatment alternative . The 
treatment involved flaring the guardrail 
across the ditch while maintaining the 
standard guardrail height and then burying 
and anchoring the guardrail end into a cut 
slope . Either the guardrail end or the 
last post was buried in a concrete anchor . 
The typical length of buried rail was 6 to 
1 2  feet . The typical minimum depth of 
burial to the top of the rail was one 
foo t .  
concrete anchor placed some distance 
( typically 5 to 6 feet) behind the last 
post (Figure 6 ) .  One al ternative in some 
instances involved anchoring the guardrail 
to the end post as in the BCT (Figure 8 ) .  
OTHER TYPES OF ROADSIDE GUARDRAIL 
Steel-beam (W-beam) guardrail is used 
The rail was flared in the cut slope predominantly in the United States; 
using either a constant flare rate of however other types' of roadside guardrail 
about 10: 1  to 1 2:1 or a parabolic or are used.  Cable guardrail was listed for 
circular flar e .  The end was offset from use by 10 states. Five sent information 
the line of guardrail .  The offset varied, concerning. use of a box-beam guardrail and 
and most were approximately 1 0  fee t .  The one state mentioned use of steel-tube and 
length of flare varied and averaged aluminum guardrai l .  Other states also may 
slightly under 100 fee t .  A typical design use those types of guardrail since the 
for the buried-in-cut-slope end treatment survey dealt with steel-beam guardrail and 
is shown in Figure 6 .  information concerning other guardrail 
Rock Cut -- For a rock cut section, types was not specifically requested . 
the rail was flared in a manner identical Cable All cable end treatments 
to that used for a cut slope . Howeve r ,  involved anchoring the cables in the 
the end of the rail was either attached to ground. The average terminal length was 
-'-t�-Y-t---4r---<mds-w��l.ce_,_t" e�r�mui�n"a'-l'-- "':33:'--'fc;e�eut�h,a,.v'{_,1'". n":g!L"a'---'d..,.i':'s;-'t"-'a"' n"' c--'e"-;-'-'o"f---'1�6,__,f'-'e"'e'C t'=--c!'f':r�o"'m'-__ _ 
next t o  the cut .  the last post to the end anchor and an 
Flared Nonbreakaway -- Five states offset at the end of 3 . 5  feet . 
listed approach end treatments in which Several states used a similar type 
the rail was flared wi th a buffer end treatment (Figure 9). It invo).ved a 
nonbreakaway end terminal. That treatment total terminal length of 4 2  fee t .  In that 
was generally used on low standard length, the post spacing decreased from 
roadways . The end was offset an average the typical 1 6-foot spacing to from 6 to 8 
of about five feet from the line of feet . The cable was twisted and anchored 
guardrai l .  The length of flare was short over a distance of 18 feet with the end 
and used a curved section of rail that had anchor offset 4 feet from the regular line 
a small radius. Specific details for the of guardrail . 
five states presented may by found in the Box Beam Of the five states 
state-by-state summary in Appendix B .  listing this type of guardrail , four 
Earth Hound -- Two states ( Hawaii and flared the end into the ground . The 
Idaho) gave specifications for earth-mound remaining state used a BCT end treatment 
end treatments for roadside guardrail. having a transition to the box-beam 
Details of those end treatments are guardrail 4ppendix B should be referred 
included in Appendix B .  to for specifics about the box-beam end 
Downstream (Trailing) End Treatment trea tments. 
Twenty-three states provided Steel Tube and Aluminum -- Indiana 
specifications for the downstream end was the only state listing these types of 
treatment used where the end is not guardrail , and end treatments used were 
exposed to opposing traffic . The similar . The end was buried over a length 
treatment involved a cable anchoring of 40 feet . A maximum post spacing of 
system to add strength for impacts close 1 3 . 3  feet was specified in that end 
to the downstream end . section. The end treatment was attached 
Generally, the end treatment involved to the longitudinal rail with a rail 
anchoring the guardrail with a cable and splice and slanted into the ground with no 
rod attached to the guardrail between the offse t .  
first and second post and to a buried 
5 
MEDIAN-BARRIER END TREATHENTS 
The survey letter did not reques t  
specifications for median-barrier end 
treatment s ,  but information provided by 32 
s tates allowed documentation of end 
treatments used in the median. Either a 
breakaway design ( 1 6  responses) or the 
turned-down design ( 15 responses)  was used 
in mos t  cases . A non breakaway design or 
earth mound was used in a few instances . 
Specific details may be found in the 
s tate-by-state summary given in Appendix 
B .  
A median breakaway-cable-terminal 
(MBCT) design was presented in the 1977  
AASHTO Design Manual ( 1 ) ,  but that design 
was not commonly used.  The typical MBCT 
involved a combination of two �ingle 
BCT's . An example is that used in 
Kentucky ( Figure 1 0 ) . Another example of 
MBCT design is that used in Colorado 
(F1.gure 11). There was no uniformity in 
the designs used for �!BCT-type end 
treatments .  Depending upon median width, 
typical BCT terminal posts  were used with 
various flares and offset distances . 
The turned-down designs typically 
involved treatments similar to that for 
roadside guardrail. The two parallel 
rails may be turned down and anchored 
beside each other without an offset or 
they may be turned down independently with 
different flares and offset distances.  An 
example is shown in Figure 1 2 .  
Treatments similar to the "bullnose" 
configuration used in Minnesota (Figure 
13) were used by a few states . That 
treatment connected two lines of guardrail 
by means of a loop nose.  
Another design inyol ved using two 
cables to connect two parallel guardrails 
to a buried concrete anchor .  This has 
been called a double anchor system . A 
buffer end was used to connect the two 
guardrails . 
Two s tates used an earth mound in the 
median. Des igns in which the guardrail 
end was flared and anchored into the earth 
mound were used . Protection using only 
the earth mound around median bridge piers 
was also specified . 
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GUIDELINES 
A listing of guidelines used by the 
states for determining the end treatment 
to use for roadside steel-beam guardrail 
is given in Table 7 .  Mos t  guidelines 
given are general in nature and only 
specify types of end treatments that are 
acceptable. 
Several states mentioned that the 
availability of an adequate shoulder would 
determine whether the BCT treatment could 
be used .  Speed,  volume , and highway type 
were listed in a few guidelines . 
CONCLUSIONS 
Generally, the preferred method to 
use to end roadside steel-beam guardrail 
is to bury the end in a cut slope . 
However,  roadway geometries prevent this 
in mos t  instances . When the end cannot be 
buried, either a BCT or turned-down . end 
treatment is generally used .. While the 
BCT is used most often in that instance ,  
some s tates use both the BCT and the 
turned-down treatment ,  while other states 
use only the turned-down treatment .  
The BCT treatments used in various 
s tates generally conform to that contained 
in the 1977 AASHTO Design Guide ( 2 ) .  
There are differences in specifications 
used for the turned-down end treatment s .  
However, the major features such as length 
over which the rail is twisted down and 
anchored are similar from s tate to state . 
RECOMMENDATIONS 
( Guardrail End Treatments in Kentucky) 
lfuenever possible , the approach end 
of roadside steel-beam guardrail should be 
buried in a cut slope or anchored into a 
rock cut using current Kentucky 
specifications . When those end treatments 
cannot be used,  either the BCT or turned­
down treatment should be used.  The BCT 
end treatment should be used only when a 
4-foot flare can be obtained with a 1 0 : 1 
slope in advance and a sufficient recovery 
area , not exceeding a 3:1 slope,  behind . 
The first nonbreakaway post (downstream 
from the terminal posts) should be placed 
at least 50 feet from the beginning of the 
point of nee d .  Those requirements 
generally will mean the BCT treatment will 
be installed only on new construction or 
on reconstruction projects where 
geometries permi t .  The BCT specifications 
currently used in Kentucky should be 
continue to be use d .  
Other end treatments should be 
constructed with a turned-down end design 
shown in Figure 1 4 .  That design consists 
of a total end-treatment length of 50 
fee t .  The rail should be twisted 90 
degrees and anchored over the last 25 feet 
with no posts in that section of rail . 
The first two guardrail post spacings 
should be 1 2 . 5  feet followed by posts at 
the regular 6 .25-foot spacing . The first 
two posts should be a type that will break 
-dur±flg aa ead impaet This ee�ld be 
accomplished by using either wood posts , 
-o-r steel pus ts s ach as the steel w 
posts detailed in AASHTO' s "Guide for 
Selecting , Locating, and Designing Traffic 
Barriers" (2) . Also , the connection 
between these two posts and the guardrail 
should be such that tbe guardrail would 
separate from the post during an end 
impact . This could be accomplished by 
using small diameter bolts to connect the 
guardrail and these posts with no blackout 
between the guardrail and post . The end 
should be off set ,  when possible, up to 4 
feet from the line of guardrai l .  
Presented in Table 8 is a summary of 
guidelines for guardrail end trea tment 
usage.  Included are guidelines for new 
7 
construction, reconstruction (when 
guardrail upgrading is included in the 
reconstruction project ) ,  and maintenance 
repair installations . 
It should be noted that the 
recommendations were based primarily on 
current end treatment usage in other 
states . However ,  comments on performance 
of various types of end trea tments were 
included in some responses and four states 
were contacted to request additional 
information concerning their experience 
with turned-down end treatments .  In 
addition, field performance of BCT end 
treatments in Kentucky is being monitored 
and will be reported later in another 
ongoing phase of this research study . 
Results of that accident analysis may 
indicate whether the BCT end treatment is 
performing properly when adequate 
geGm 
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lLE 1 .  APPROACH END TREATMENTS USED FOR ROADSIDE STEEL-BEAM GUARDRAIL 
(EXCLUDING BURYING END IN CUT SLOPE) 
APPROACH END TREATMENT 
BREAKAWAY-
CABLE-
'TE TERMINAL TURNED-DOWN OTHER 
1.bama X 
1ska X 
[. zona X 
�ansas X 
Lifornia X 
Lorado X 
mecticut X 
La ware X X 
lrida X 
>r��a X 
va1.1. X Earth Mound 
1ho X Earth Mound 
Linois X 
Iiana X X 
>a X 
1888 X X Flared , Nonbreakaway 
1tucky X 
1isiana X 
Lne X X Flared , Nonbreakaway 
cyland X 
, 
ohigan X 
lU X X 
ssissippi X 
:;souri X 
1tana X 
)raska X X 
;ada X 
' Hampshire X 
' Jersey X 
., Mexico X X 
' York X 
rth Carolina X 
rth Dakota X 
lo X X 
Lahoma X 
�gon X 
msylvania X X 
)de Island X X 
Jth Carolina X 
1th Dakota X 
1nessee X 
{38 X 
lh X 
rmont X X Flared , Nonbreakaway 
rg�n a X 
3hin�ton X 
3t V1.rginia X Flared,  Not Anchored 
;cons in X X 
)ming X X 
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TABLE 2 .  SUMMARY OF BCT SPECIFICATIONS 
LENGTH OF FLARE OFF SET SPACING TERMINAL TERMINj 
STEEL I PARABOLA DISTANCE DIST NCE OF POSTS WOOD STATE (FEET) (FEET) (FE T )  (FEET) POSTS POSTS 
Alabama 37 . 5  a X 
Alaska (b) 37 . 5  a X X 
Arizona 3 7 . 5  a X X 
California 37 .s c X 
Colorado 7 5 .o a X 
Delaware 37 . 2  a X 
Florida 37 . 5  a X 
Georfia 37 . 5  a X 
Hawa i 37 . 5  a X 
Idaho 37 . s  a X 
Illinois 37 . 5  a X 
Indiana 37 . 5  a X 
Iowa 37 . 5  a X • 
Kansas 37 .s 4 a X X 
Kentucky 37 . 5  4 a X 
Louisiana 50 . 0  d X X 
Maine· 37 . 5  4 e X 
Michigan f 3 4 a X 
Hinnesota 37 . 5  4 a X X 
Hississippi 37 . 5  4 a X 
Hontana 7 5 . 0 8 . 5  6 . 25 X 
>-' Nebraska 37 . 5  4 a X 
:::> Nevada 3 7 . 5  4 a X 
New Jersey g � 6 . 25 X New Mexico 37 . 5  a X X 
North Carolina 37 . 5  4 a X 
North Dakota 3 7 . 5  4 a X 
Ohio 37 . 5  4 a X 
Oregon h 4-10 a X 
Pennsylvania 37 . 5  . 3  a X 
Rhode Island 37 . 5  4 a X 
South Carolina 37 . 5  4 a X 
South Dakota 37 . 5  4 a X 
Tennessee 37 . 5  4 a X 
Vermont 37 . 5  4 a X X 
Vir�inia 37 . 5  4 a X X 
Was in$ton 37 . 5  i a X 
West V�rginia 37 . 5  4 a X 
\'lisconsin 3 7 . 5  -4 a X 
Wyoming 37 . 5  4 a X 
a Xlacing of posts same as 1 977 AASHTO Guide .  
b aska has an alternate design with 5-foot offset over a flare 
distance of 6 2 . 5  fee t .  Both wood an steel were used for approach 
and terminal posts . Post spacing wa 1 2 . 5  fee t .  
fmom APPROACH STEEL-
\'IOOD STEEL CONCRETE TUBE DIAPHRAGM 
POSTS POSTS ANCHOR ANCHOR IN NOSE 
X X X X 
X X X 
X X X 
X X X 
X X 
X X 
X X 
X X X X 
X 
X X X 
X X X X 
X X X 
X X 
X X X X 
X X X 
X X 
X X X 
X X 
X X 
X X X X 
X X 
X X X 
X X X 
$ X X X 
X X X X 
X X X X 
X X X 
X X ·x 
X X 
X X 
X X X 
X X 
X X 
X X X 
X X X X 
X X X 
X 
X X 
X X 
X X X 
c 
d 
e 
f 
g 
h 
i 
,__. 
,__. 
Spacing for both wood and steel post 
Post spacing for approach end sectio 
Spacing for both wood and steel appr 
spacing in 197 7 AASHTO Guide.  
Flare was over a 100-foot radius 
or 4-foot offset .  
When flare offset <>as 4 f ee t  or grea 
at end of flare was not required . W 
4 feet cannot be provided , a 25-foot 
guardrail was flared as much as fiel 
Flare length increased from 50 feet 
to 1 1 2 . 5  feet for a 8-foot offse t .  
Offset distance was not specified fo 
Offset from edge of shoulder was 5 f 
; 6 . 25 feet . 
was 3 feet , 1-1/2 inches. 
ach posts same as steel post 
section to achieve a 3-foot 
er, the 25-foot rail element 
en a minimum flare offset of 
rail element was used and 
conditions permi t .  
o r  a 4-foot offset 
37 . 5-foot flare . 
et for 100-foot flare. 
TABLE 3 .  Sill1MARY OF TURNED-DOilN END TREATMENT SPECIFICATIONS 
STATE 
Arkansas 
Connecticut 
Type I (R-J) 
Type I (R-B) 
Type II 
Delaware 
Indiana 
Kansas ( c )  
!1aine 
Maryland 
Massachusetts 
M1.nnesota 
Missouri 
Nebraska 
New Hampshire 
New Mexico 
New York ( e) 
Ohio 
Oklahoma ( f )  
Pennsylvania 
Weak Post 
Strong Post 
Rhode Island 
Texas 
Utah 
Vermont 
Virginia 
Wisconsin 
Wyoming 
Original 
Modified ( c )  
TOTAL 
LENGTH 
(FEET) 
2 4 . 8  
25. 1 
48 . 5  
11. 0 
6 2 . 5  
3 1 . 2  
50 . 0  
150 . 0  
7 5 .o 
112 . 5  
so.o 
2 5 . 0  
25.0 
7 5. 0  
2 5 . 0  
50 . 0  
2 5 . 0  
7 5 . 0  
50 . 0  
37 . 5  
37 . 5  
50 . 0  
37 . 5  
37 . 5  
50 . 0  
6 4 . 4  
2 5 . 0  
2 5 . 0  
DISTANCE 
GUARDRAIL 
TWISTED 
(FEET) 
2 4 . 8  
23 . 5  
2 3 . 5  
11. 0  
2 5 . 0  
31.2(b)  
25.0  
25.0  
25.0  
37 . 5  
25.0 
25.0 
25.0 
25.0 
2 5 . 0  
2 5 . 0  
2 5 . 0  
2 5 . 0  
2 5 . 0  
37 . 5  
37 . 5  
25.0  
25.0  
25.0  
25.0  
3 9 . 4  
25.0  
25.0  
END 
TREATMENT 
DISTANCE 
PRIOR TO 
TWIST 
(FEET) 
0 
0 
2 5 . 0  
0 
37 . 5  
0 
2 5 . 0  
12 5.0 
50 . 0  
7 5. 0  
25.0 
0 
0 
50 . 0  
0 
25.0  
0 
50 . 0  
2 5 . 0  
0 
0 
2 5 . 0  
12 . 5  
12 . 5  
2 5 . 0  
2 5 . 0  
0 
0 
DISTANCE 
FROM 
LAST POST 
TO END 
(FEET) 
18 . 5  
25. 1 
23 . 5  
11. 0  
12 . 5  
12 . 5  
25.0  
12 . 5  
2 5 . 0  
6 . 2  
25.0 
6 . 2  
25.0 
25.0 
18 . 6  
25.0  
18 .8 
25.0 
25.0 
6 . 2  
6 . 2  
25.0  
6 . 2  
2 5 . 0  
2 5 . 0  
14 . 4  
6 . 2  
2 5 . 0  
END 
OFFSET 
DISTANCE 
(FEET) 
0 
0 
4 . 5(a)  
2 . 3  
4 . 0  
O(a) 
2 . 0  
15. 0  
6 . 0 
(d) 
z.o 
0 
0 . 5  
8 . 0(a) 
o.o 
4 . 0(a)  
1 . 5  
2 . 0  
4 . 5(a)  
4 . 3  
0 
0 
0 
4 . 0(a)  
4 . 0(a)  
6 . 0 
0 
0 
a End anchor was buri ed along with approximat ely one half of the 
twisted rod . 
b Rail was not twisted but slanted into ground . 
c Weakened connection between guardrail and first five posts . 
d Offset distance varied and was a function of type of guardrail 
(W-Section or Thrie Beam) and area where guardrail terminates 
(vertical curb, sloped edging , or concrete berm) . The range 
of offset distance is from 5.8 to 8 . 1  feet. 
e Specifications were for typical steel weak post end treatment.  
f First eight wood posts had two inch holes drilled in the eight inch 
side. Guardrail not bolted to the first eight po sts.  
12 
BLE 4 .  OTHER END TREATMENTS USED FOR ROADSIDE STEEL-BE&� 
GUARDRAIL ( IN ADDITION TO BCT AND TURNED-DOWN) 
�TE 
>bama 
1ska 
izona 
<.ansas 
lifornia 
lorado 
mecticut 
laware 
Jrida 
Jr��a 
;a11 
1ho 
linois 
liana 
•la 
1sas 
1tucky 
1isiana 
lne 
cyland 
>sachusetts 
'higan 
1nesota 
BURIED-IN­
CUT-SLOPE 
X 
X 
X 
X 
X 
X 
X 
X 
X 
ROCK 
CUT 
X 
X 
EARTH 
MOUND 
X 
X 
FLARED DOWNSTREAH 
NONBREAKAWAY ( TRAILING END) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
3Souri 
ltan,a-�������X-���������������������������������������-­
>raska 
rada 
' Hampshire 
' Jersey 
., Mexico 
' York 
cth Carolina 
cth Dakota 
lo 
lahoma 
�gon 
msylvania 
>de Island 
1 th Carolina 
1th Dako ta 
1nessee 
<as 
lh 
cmont 
cginia 
lhin�ton 
;t V1rginia 
:;cons in 
Jming 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
13 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
TABLE 5.  OTHER TYPES OF ROADSIDE GUARDRAIL 
STATE 
Alaska 
Connecticut 
Delaware 
Indiana 
Iowa 
Minnesota 
Montana 
New Hampshire 
New York 
Horth Dakota 
Utah 
Virginia 
Wyoming 
BOX BEAM 
X 
X 
X 
X 
X 
CABLE 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
STEEL TUBE ALUMINUM 
X X 
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ABLE 6 .  HEDIAN-BARRIER END TREATMENTS ( STEEL-BEAH GUARDRAIL) 
BREAKAWAY TURNED- NONBREAKAWAY EARTH 
TATE DESIGN DOWN DESIGN HOUND 
laska X 
rizona X 
rkansas X 
alifornia X X 
olorado X 
onnecticut X 
elaware X 
lorida X X 
awaii X 
daho X 
owa X 
entucky X 
a ryland X X 
assachusetts X 
ichigan X 
is sis sippi X 
issour1 
evada X 
ew Jersey X 
ew York X 
orth Carolina X 
hie X X 
klahoma X 
ennsylvania X X 
hode Island X 
ennessee X 
tah X 
irginia X 
est Virginia X 
isconsin X 
yoming X X 
15 
TABLE 7 .  GUIDELINES FOR END TREATMENT TO USE FOR ROADSIDE 
STEEL-BEAM GUARDRAIL 
STATE 
Alaska 
Arkansas 
California 
Connecticut 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
l1aine 
l1aryland 
l1ichigan 
Ninnesota 
l1ississippi 
Missouri 
Hontana 
Nebraska 
New Hampshire 
New Jersey 
Ohio 
Oklahoma 
Pennsylvania 
GUIDELINES 
On all new construction and reconstruction, BCT used . 
Turned-down end standard . 
Bury end into cut slope where possible .  BCT used on 
approach end where vehicle breaking through end has 
safe place to go . 
Turned-down treatment used . 
BCT standard . 
Prefer to bury end in cut slope or earth mound . 
Discourage use of BCT whereever recommended flare 
c annot be installed . 
Prefer to bury end in cut slope or earth mound ; 
otherwise,  use BCT . 
BCT standard . 
BCT only used where roadway section can accommodate 
the mandatory 4-foot flare and 10 : 1  slopes . 
BCT standard . 
BCT used on all new construction and reconstruction 
of high-volume road s .  Turned-down end used where 
4-foot offset cannot be obtained . 
Prefer to bury end in cut slope ; otherwi s e ,  use BCT . 
BCT used for new construction and overlay projects . 
Turned-down treatment used on new contruction where 
geometries permi t .  Where slopes not constructed 
sufficiently for turned-down treatment ,  BCT used . 
Flared nonbreakaway end treatment used on 
primary and secondary two-lane highways . 
Use either buried-in-cut-slope or turned-down 
treatment s .  
BCT standard . Offset and flare depend on roadway 
geometries . 
Turned-down end used unless space limited , then use BCT . 
Acceptable treatments inc lude BCT and buried-in�cut-slope 
t reatments .  
Turned-down end Standard 
Prefer to bury end in cut slope, otherwise use BCT . 
Use BCT for new construction and resurfacing projects 
where shoulders can be widened .  Normally use 
turned-down end treatment for resurfacing pro jects. 
Turned-down end standard . 
Prefer to bury in cut slope, otherwise use BCT . 
BCT generally used except turned-down end used for 
highways with less than 1 , 000 ADT or design speed 
less than 50 mph when shoulder width will not allow 
standard flare . 
Turned-down end standard . 
Prefer to bury end in cut slope . For strong post 
system, use BCT otherwise unless necessary offset 
and slope is not presen t ,  then use turned-down end . 
Tabl e 7 (continued) 
Rhode Island 
South Dakota 
Tennessee 
Texas. 
Utah 
Vermont 
Virginia 
·lashington 
N'est Virginia 
For weak pos t  system ,  use turned-down end when end 
cannot be buried in cut slope. 
Prefer to bury end in cut slope or turn-down end, 
otherwise use BCT. 
BCT standard.  
Embankments provided for BCT flare and offset when 
possible. Damaged section of older guardrail 
generally replaced in-kind. 
Turned-down end standard.  
Turned-down end s tandard . 
BCT used on projects having design speeds greater 
than 40 mph .  "Flared nonbreakaway" end used on 
pro j ects having design speed of 40 mph or les s .  
Turned-down end used on exit end where two-way 
traffic would be required occasionally during 
maintenance or emergency conditions . 
For s trong pos t  system,  pref er to bury end in cut 
slope, otherwise use BCT. For weak post system ,  
use turned-down end . 
Prefer to bury end in cut slope, o therwise use BCT. 
Use cut slope or BCT on federal-aid projects . On 
state projects, use BCT, cat slope, or .. flared not 
anchored" end , d epending on design speed and volume. 
-------------,crs"e,---.•ttared not ancl:iored-' end when design speed less 
than 50 mph . Use BCT on cut slope treatment when 
d esign speed is 5 0  mph or greater and design year 
AADT is 400 or above. 
Jisconsin 
lyoming 
Turned-down end used except at driveways or minor 
sidernads where BCT is used . 
Prefer to bury end in cut slope, otherwi se usually 
use BCT. Use modified turned-down end on some 
upgrading pro jects . 
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TABLE 8 .  GUIDELINES FOR GUARDRAIL END TREATMENT_USAGE 
TYPE OF INSTALLATION 
New Construction 
Reconstruc tion 
Maintenance Repair 
PRIORITY 
1 .  Buried-in-Cut-Slope or Anchored 
into Rock Cut Preferred if 
·Conditions Permi t . *  
2 .  Use BCT . 
1 .  Buried-in-Cut-Slope or Anchored 
into Rock Cut Preferred if 
Conditions Permi t . *  
2 .  Use BCT if Geometries Permi t . ** 
3 .  If Geometries Preclude Use of 
BCT, Use Turned-Down End . 
1 .  Buried-in-Cut-Slope or Anchored 
into Rock Cut Preferred if 
Conditions Permit . *** 
2 .  Use BCT if Replacing Properly 
Installed BCT . ** 
--------------------------------------------------��-4�-€ Turned-Down-End--------------------------
• 
* Guardrail should not be extended more than 200 feet longitudinally 
from point of need , not including flare length , to reach a cut 
slope ( exceptions may be warranted due to field conditions ) .  
** BCT end treatment used only when a four-foot flare can be obtained 
with a 1 0 :1  slope in advance and a sufficient recovery are a ,  not 
exceeding a 3 : 1  slope , behind . The first nonbreakaway post 
downstream from the terminal posts)  should be placed at least 
50 feet upstream from the beginning of the point of need . 
*** Guardrail should not be extended more than 50 feet longitudinally 
from point of need , not including flare length, to reach a cut 
slope (exceptions may be warranted due to field conditions ) .  
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Dear Hr . 
KENTUCKY TRANSPORTATION RESEARCH PROGRAH 
COLLEGE OF ENGINEERING 
UNIVERSITY OF KENTUCKY 
LEXINGTON, KENTUCKY 
February 1 8 ,  1983 
The Transportation Research Program is conducting a 
research s tudy for the Kentucky Department of Highways 
t itled "Evaluation of Highway Safety Barriers . "  One of the 
objectives of this study -is to develop warrants and 
guidelines to assist engineers in deciding when and where 
various types of guardrail end treatments should be 
i n sta l l ed :  Major problems presently exist when a t tempting 
to replace older end treatments with the breakaway-cable-
---------lt�emB!al (llGT) . Ma� of these problems--ar-e-assoeiated u:i-th------------­
insufficient space to permit proper flaring of the BCT end 
treatment . 
It would be of significant value to know if your state 
has developed warrants and/or guidelines to use when 
determining the type of end treatment needed for a given 
s i tuation considering factors such as volume , geometries , 
operational characteristics ,  etc . Als o ,  it would be very 
beneficial to our s tudy to learn what the standard end 
treatments are in your state . Therefore, we would greatly 
appreciate any material ( including s tandard drawings ) you 
could provide concerning guardrail end-treatment standards 
and their related warrants used in your state . 
vie plan to publish a summary of the 
warrants used across the nation for 
treatments.  we will send you a copy of th1s 
you desire . 
Thank you for your cooperation. 
Sincerely, 
standards and 
guardrail end 
publ1cat1on if 
Jerry G .  Pigman 
Research Engineer 
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ALABAMA 
A .  ROADSIDE STEEL BEM1 
1 .  BCT 
a) Length of parabola , spacing of posts , and offset distance are 
the same as 1977 AASHTO Guide for standard hazard 
installation . Standards for BCT are different for 
installations at bridges and installations when the hazard is 
located within 4 feet of shoulder . 
b )  Shoulder widening is required when the area in front of BCT 
slopes more than 10 : 1. 
c )  Standards are given for both wood and s teel breakaway posts . 
d )  Wood-pos t  dimensions are 5 1/2 by 7 1/2 inches .  
e )  No back-up plate and no washers are to be used under bolt 
head s .  
f )  Breakaway wood posts are inserted in a s teel tube ,  which is 
used rather than concrete footing . 
g )  A diaphragm (optional) is used inside the terminal end shoe . 
2 .  TURNED-DOWN 
Use not indicated in survey response .  
3 .  OTHER 
Downs tream End Treatment 
The end treatment is anchored into a buried concrete footing . 
The concrete anchor has a minimum diameter of 1 . 5  feet and a 
depth of 5 fee t .  The center of the anchor is 5. 5 feet 
downstream from the last pos t .  A cable and rod connects the 
concrete anchor to an anchor plate on the guardrail . This 
anchor plate begins 1 foot from the center of the second pos t .  
This i s  a typical design used by many states for their 
downstream end treatment . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated in survey response . 
C .  MEDIAN-BARRIER END TREATMENT 
No information provided . 
D .  GUIDELINES 
None given for end treatment s .  
3 7  
ALASKA 
A .  ROADSIDE STEEL .BEM1 
1 .  BCT 
a )  Length of parabola, spacing of po sts ,  end offset distance are 
the0same as the 1977 AASHTO Guide for standard BCT . 
b)  Standard BCT uses both wood and steel posts . Standard wood 
BCT uses 6- by 8-inch pos t s .  
c )  Alternative transition and terminal section uses a minimum 
. 6 2 .5-foot length ;  uses minimum 5-foot offse t ,  and uses 12 . 5 : 1  
straight flare . 
2 .  TURNED-DOWN 
Use not indicated . 
3 .  OTHER 
Buried-in-Cut-Slope 
Includes following : concrete anchor ,  normal rail height , and 
1 2 : 1  flare . 
B. OTHER TYPES OF ROADSIDE GUARDRAIL 
1 .  BOX BEAM 
Terminal end section has a radius of 360 feet , 6-foot post 
s pacings , and an arc length at 72 feet . 
2 .  CABLE 
Terminal end is 36 feet in length, 6-foot minimum offset,  and no 
posts are used in the las t  .18 fee t .  
C .  MEDIAN-BARRIER END TREATI1ENTS 
1 .  Median steel-beam guardrail is 
pos t s .  Nonbreakaway i s  used 
design. 
used with both wood and steel 
for both wood and steel post 
2 .  A Median Breakaway Cable Terminal (MBCT} is used with wood 
pos t s .  The beam guardrails meet at the end pos t ;  however, they 
are separated at the second post back from end . 
3 .  In the oox-beam median end treatment, the rail slopes to ground 
level over an 18-foot section and the end is anchored in 
concrete .  
D .  GUIDELINES 
On all new construction and reconstruction , BCT ' s  are used on 
leading and trailing ends , except on divided and one-way facilities .  
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ARKANSAS 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
No use indicated in survey response . 
2 .  TURNED-DOWN 
a)  End section is twis ted 90 degrees and turned down over last 
24 fee t ,  9 3/4 inche s .  
b )  One post i s  spaced 1 8  fee t ,  6 3/4 inches from the end , which 
is anchored in concrete.  Steel posts are used . 
c )  There is no offse t .  
3 .  OTHER 
No other information provided .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C • MEDIAN BARRIER EN!J 'f'REATMEN'fS 
TWo parallel ralls are turned down . Each twisted 90 degrees over a 
distance of 24 fee t ,  9 3/4 inches -with the last post 18 fee t ,  6 3/4 
inches from end . 
D.  GUIDELINES 
Turned-down end is s tandard treatment . 
3 9  
ARIZONA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a )  Design is same as 1977 AASHTO Guide . 
b)  Both wood and s teel posts are used . Wood posts are 6 inches 
by 8 inches .  
c )  Rectangular plate washers are omitted under post bolt heads 
for Posts 2 through 8 .  
2 .  TURNED-DOWN 
No use indicated in survey response.  
3.  OTHER 
No other information provided .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
MBCT similar to 1 977 AASHTO Guide is used. 
used in place of the 55-gallon steel drum 
Guide.  
D .  GUIDELINES 
None given. 
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A sheet metal nose is 
as shown in the AASHTO • 
A .  ROADSIDE STEEL BEAM 
1. BCT 
CALIFORNIA 
a )  Use 6- by 8-inch tvood posts for two breakaway posts . 
b )  Use either wood or steel posts for approach to two breakaway 
posts . Post spacing of 6 feet , 3 inches for both steel and 
wood posts on .a 37-foot ,  6-inch parabola are used . 
c )  Use a 4-foot · typical or ideal and 2-foot minimum .. offset 
dis tance. The 2-foot minimum dis tance allows engineering 
judgment to be applied in restricted situations . 
2 .  TURNED-DO\VN 
Use not indicated in survey response . 
3 .  OTHER 
a )  Nonbreakaway Cable 
Used where breakaway design is not desirable.  Both s teel and 
wood posts are used . End section is attached to anchor by 
cable and anchor rod . Reinforced concrete anchor post is 2 
inehes below surfaee and anehoF Focl is attaehecl 1 foot below 
surface . Anchor post has a 1.5 foot diameter and is 5 feet 
long. Anchor is placed in gtound 5 . 5  feet (variable) from 
last pos t .  Terminal end shoe is placed at end of guardrai l .  
b )  Buried-in-Cut-Slope 
Involves a buried post anchor in which the guardrail is 
attached to a backup plate and s teel post placed in a 
concrete anchor . 
c )  Downstream Terminal 
Rail is cable anchored into a buried concrete ancho r •  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
Various flares are used depending upon type of obstacle and median 
width . Use double-anchor cable assembly (nonbreakaway) with a 
return section that is a terminal end shoe connecting the two 
guardrails . Use both wood and s teel posts . 
D .  GUIDELINES 
BCT is used on the approach ends of all guardrail installations 
where a vehicle breaking through the end has a safe place to g o .  
Alternative end anchorages are provided for other situations . A 
nonbreakaway cable is provided for intermediate anchorages and 
s ituations where the breakaway design is not desirabl e .  Also , 
buried post anchor is provided for situations where it is po ssible 
to bury the approach end of the guardrail into a cut slope . 
4 1  
COLORADO 
A .  ROADSIDE STEEL BEAM 
1. BCT 
a) Use a 7 5-foot arc with a wood-post spacing of 6 fee t ,  3 
inches . Offset of 4 fee t .  
b)  Last 2 5  feet of W-Beam rail without splices . 
c )  Do not use washers under post bolt heads on Posts 2 through 
s .  
2 .  TURNED-DOWN 
Use not indicated in survey respons e .  
3 .  OTHER 
a)  Buried-in-Cut-Slope 
The rail extends into the slope and a 2- by 2- by 3-foot 
concrete anchor block buried in the slope . 
b)  Downstream Terminal 
Cable anchored into buried concrete . 
downstream from the last pos t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated in survey response . 
c .  MEDIAN-BARRIER END TREAT!1ENTS 
Anchor buried 
A nose design that is weakened to allow a crash distance similar to 
the single BCT end-treatment is used . The nose pos t  (all posts are 
wood) and both sets of the first three behind-the-nose posts are 
slit to weaken the end treatment .  The cable connection is between 
the first and second posts behind the nose post . 
D.  GUIDELINES 
None given. 
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CONNECTICUT 
A.  ROADSIDE STEEL BEAM 
1 .  BCT 
Use not indicated in survey response . 
2 .  TURNED-DOHN 
Two types of metal beam are specified (Type R-I and R-B) with R­
I preferred. For each type of metal beam, two types of end 
treatment are given with Type I preferred in each cas e .  
a )  Type I (use with metal beam Type R-I) - - End section twisted 
90 degrees and anchored over a distance of 27 feet, 1 inch. 
End is not offset . 
b )  Type I (use with metal beam Type R-B) -- Metal Beam (Type R­
B) End section twisted 90 degrees and anchored over a 
distance of 23 feet,  6 inches with half of this section 
underground . No posts in the twisted section. The end is 
offset 4 feet , 6 inches . An additional four posts spaced at 
6 fee t ,  3 inches over a total distance of 25 feet are flared 
at a slope of 25 : 1 .  The last post is offset 1 foo t .  
c )  Tn>e 2 (ttse with beth metal beam ty]3es) Ead seetion 
twisted 90 degrees and anchored over a distance of 
with last post at this point . End is offset 2 
inches .  
1 1  feet 
feet, 4 
3 .  OTHER 
a )  Buried-in-Cut-Slope 
Las t .  line post is at top of slope . Rail extends 23 fee t ,  6 
inches to concrete anchor.  Rail deflects 4 to 6 feet from 
line of guardrail to end of rail . Three-inch minimum earth 
cover over top of rail . End of rail is on top of concrete 
anchor and bolted . 
b )  Rock Cut 
Rail attached directly to rock cut and non-shrink grout with 
anchor bolts . Bolts placed minimum of 2 inches into rock . 
Center of attachment of rail to cut approximately 2 3  feet , 6 
inches from first line pos t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
CABLE 
This is the preferred type of railing . Two end anchorages are 
given, Type I preferred . 
Type I -- Approach or terminal section length of 42 feet . Last 
post 18 feet from anchor.  Four additional posts  at 
6-foot spacings . End anchorage buried and offset 4 fee t ,  
3 inches . 
Type II -- End anchorage of 24 feet with last post 8 feet from 
ancho r .  Not offset . 
C .  MEDIAN-BARRIER END TREATMENTS 
Median metal-beam treatment involves a total section length of 27 
43 
Connecticut (continued) 
feet,  1 inch from the las t  posts to the anchor over which both rails 
are 90 degrees .  The two rails are attached at a distance of 13 
fee t ,  6 1/2 inches from end . 
D .  GUIDELINES 
1 .  Cable -- Type I is preferred . Type I I ,  which is shorter than 
Type I ,  should be used only where narrow openings such as at 
driveways mus t  be left in the run of railing . 
2 .  Metal Beams (R-I and R-B) -- End-anchorage Type I is  desired . 
Type II to be used only when narrow openings are required along 
the guardrail and then only where appropriate grading for Type I 
would not be practicable . 
' 
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DELAWARE 
A .  ROADSIDE STEEL 'BEAM 
1 .  BCT 
a)  Specifications are similar to those in 1 977 AASHTO Guid e ,  
except length o f  parabola is 37 feet , 2 5/8 inches instead 
of 37 feet , 6 inches . 
b )  Spacing of posts and offset·  dis tance are · same as AASHTO 
Guide .  
c )  ·Either steel
. 
or wood posts may be used and wood posts are 6 
by 8 inche s .  
2 .  TURNED-DOWN 
a )  Guardrail is turned down and twi s ted over the last 2 5  feet . 
b )  Posts are spaced at 6 fee t ,  3 inches with no po sts in the 
last 12 fee t ,  6 inches .  
c )  Length of taper is 6 2  feet , 6 inches and offset is 4 feet for 
shoulder installation . 
d )  Length of taper is 150 feet and offset is 1 0  feet for median 
installation. 
e )  End section is anchored in concrete footing flush with 
3 .  OTHER 
Use not indicated in survey response . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
CABLE 
a )  End post is offset 2 fee t ,  6 inches and taper is over last 25 
feet . 
b )  Posts are spaced at 1 2  fee t ,  6 inches . 
c )  Anchor rod is tied to cast-in-place concrete footing . 
d )  Wood posts with 8-inch diameter are used . 
C .  MEDIAN-BARRIER END TREATMENT 
Turned-down end treatment is used in median with 150-foot taper and 
D .  GUIDELINES 
None indica ted . 
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. FLORIDA 
A .  ROADSIDE STEEL BEAM 
L BCT 
a) Length of parabola, spacing of posts , and offset distance are 
same a s  1977 AASHTO Guide . 
b )  Wood pos ts with dimensions of 8 by 8 inches are used . 
c )  A 5-foot long steel tube, in which to inset the two breakaway 
post s ,  is used . 
2 • TURNED.:..DOWN 
Use not indicated in survey response.  
3 .  OTHER 
Trailing (Downstream) End 
Cable anchored into concrete anchor block . Center of concrete 
anchor block is spaced 4 fee t ,  9 inches from last pos t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
Typical trailing -- End anchorage is used for medians . Buffer end 
shoe is attached to approach end section . Concrete anchor block is 
30 by 30 inches .  Back-to-hack s teel-beam rail ·is tied into end post 
with wood blockouts . Taper rate toward end section for design 
speeds under 50 mph is 10 : 1 .  Taper rate for speeds 50 mph and 
greater is 15 : 1 .  
D .  GUIDELINES 
1 .  For medians widths 50  feet or greater, a. BCT without parabolic 
curve is used.  
2 .  For median widths less than 50 fee t ,  taper rate toward terminal 
s ection is 10 : 1  for design speeds under 50 mph and 1 5 :  1 for 
design speeds 50 mph and greater.  
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GEORGIA 
A .  ROAD S IDE STEEL BEAM 
1 .  BCT 
a )  Length of parabola , spacing of pos ts , and offset dis tance are 
same as 1977 AASHTO Guide . 
b )  Use both steel and wood ( 6  by 8 inches )  posts . 
c )  Alternat ive of placing wood breakaway posts in preformed 
concrete footing or steel tube . 
2 .  TURNED-DOWN 
Use not indicated in survey response . 
3 .  OTHER 
a )  Trailing-End Anchorage ( One Hay Highway) 
Involves anchoring the guardrail to a precas t deadman placed 
about 15 feet , 6 inches from last pos t .  Curved section 
placed on end of guardrail . 
b )  Trailing-End Anchorage ( Ins tallations Outside Clear-Zone on 
Two-Way Highways )  
Cons1sts of a curved 12 .foot, 6-lnch section witli a 30-foot 
radius in addition to the typical trailing-end anchorage .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey respons e .  
C .  MEDIAN-BARRIER END TREATMENTS 
No information provided . 
D .  GUIDELINES 
BCT is standard at the approach end of all guardrail installations . 
47  
HAWAII 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola, spacing of posts , and offset distance are 
the same as 1977 AASHTO Guide for standard BCT. 
b) Use steel post s .  
2 .  TURNED-DOWN 
Use not indicated . 
3 .  OTHER 
a )  Buried-in-Cut-Slope 
Involves flaring the guardrail with a 15 : 1  flare into the c�t 
slope. The guardrail is anchored into a 3- by 3- by 3-foot 
concrete anchor block buried in cut section. A special end 
shoe is used on the guardrail.  A 25-foot parabola is used to 
transition the guardrail to the 10 : 1  flare . The end o f  the 
guardrail is 7 feet from the edge of the shoulder .  
b Earth Hound 
Used when the recommended flare for the BCT cannot be 
stalled or there is no cut slope available-----l'he-gu.aa.>:r'<ldu:r,.awiwlL---------­
i s  flare with a 1 5 : 1  flare into an earth mound with the 
guardrail 2 fee t ,  8 inches from the edge of the shoulder .  
The earth mound has a maximum height o f  3 feet with a 4 : 1  
slope on the end facing approach traffic and a 2 : 1  slope on 
the other side s .  The guardrail is anchored by a cable and 
rod into a concrete anchor block . A 25-foot parabola is 
used to transition the guardrail to the 1 5 : 1  flar e .  
c )  Trailing Guardrail-End 
On one- and two-way roadways, both cut slopes and earth 
mounds are used to bury the end . The details are similar to 
those for the approach end except that a 10 : 1  flare is used 
rather than the 15 : 1  flare . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
The G .R . E . A . T .  system is used for narrow median end treatments .  An 
earth mound is also used . The configuration of the mound is like 
that used for a single guardrail installation on the shoulder .  The 
edge of the mound is a 2-foot minimum distance from the shoulder .  
D .  GUIDELINES 
Discourage the use of the BCT whenever the recommended flare cannot 
be installed . Most end treatments are buried in cuts or earth 
mounds .  
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IDAHO 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a )  Length of parabola , spacing of post s ,  and offset distance are 
the same as 1977 AASHTO Guide .  
b )  Use 6 - by 8-inch wood posts . 
c )  Use either steel tube or preformed concrete footing to 
receive the breakaway part s .  
d )  The 4-foot flare is an essential feature o f  the terminal .  
Flares other than the s tandard 4-foot flare may be used where 
the guardrail is flared across a high\vay median to protect 
vehicles from running into the gap between two bridges .  
2 .  TURNED-DOWN 
Use not indicated . 
3 .  OTHER 
a )  Buried-in-Cut-Slope 
Involves anchoring the guardrail into a special concvete end 
post with the top of ra1.l to be bur1.ed below ground level. 
The guardrail is to maintain standard height across any 
ditch .  The end post is 5 feet in depth with the other 
dimensions 1 foo t ,  6 inches by 1 foo t ,  6 inche s .  
b )  Earth Mound 
Protection for roadside guardrail is given. The mound has 
4 : 1  side slopes with an approach length of 120 feet with 50 : 1  
slope to the top of the mound and a 1 2 : 1  back slop e ,  giving a 
total length of 155 feet . The mound begins a minimum of 6 
feet from the shoulder with the top of the mound a minimum of 
18 feet from the shoulder . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
Earth-mound protection for median columns is noted . The mound has 
3 :  1 side slopes with the top 5 feet , 6 inches above the roadway 
elevation. The approach slope is 25 : 1 ,  reaching the maximum height 
3 0  feet in advance of the median column s .  
D. GUIDELINES 
The preferred guardrail terminal treatment is to curve the rail into 
a cut slope or earth mound and bury the end . The BCT is used for 
metal rail not buried in a cut slope or earth mound . 
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ILLINOIS 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) When the 4-foot flare is used , the 37-foot , 6-inch parabola 
and typical offsets are used . A 1 0 : 1  s lope in advance of the 
end is noted . The 4-foot offset is obtained over a 50-foot 
minimum , 100-foot desirable distance . 
b )  The flare can be reduced to a minimum of 1 foot . When this 
1-foot flare is used , only the two breakaway posts are offset 
with the second pos t  offset 3 inches . Other post spacings 
are the same as for the typical 4-foot flare . 
c )  Both steel and 6- by 8-inch wood posts are used . 
d )  Tubular steel foundations are used . 
e )  Diaphragms are used in the nosepiece to reduce the potential 
for spearing and minor damage to the nosepiece caused by 
nuisance hit s .  
2 .  TURNED-DOWN 
se not indicated . 
3 OTHE 
No other information provided . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
No information provided . 
D .  GUIDELINES 
The BCT is the standard end treatment for the approach ends of all 
guardrails . Since the 4-foot flare cannot be obtained on all 
roadways ,  the flare can be reduced to a minimum of 1 foot with the 
s tipulation that as much flare as the roadway geometries allow be 
so 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
INDIANA 
a )  Length of parabola,  spacing of pos t s ,  and offset dis tance are 
the same as 1977 AASHTO Guide . 
b )  Steel posts are used . 
c )  Two 1 4-gage steel diaphragms are required in the terminal 
section. 
d)  Slope in advance of BCT i s  10 : 1  or flatter . 
2 .  TURNED-DOWN 
a )  The total length of this end treatment is 31 feet , 3 inche s .  
b )  The rail is not twi sted but slanted into the ground with no 
offse t .  A 25-foot section of rail is connected to the 
longitudinal section by a splice plate and to a concrete 
anchor by a steel plate . This steel plate is 4 feet , 10 3/4 
inches -in length and is entirely underground . 
3 .  OTHER 
------------w--.vrHE�YPES OF ROADSIDE GUARDR�T---------------------�-------------------------
STEEL TUBE AND ALUMINUM 
The end is buried over a length of 40 feet . A maximum post spacing 
of 13 fee t ,  4 inches is specified . The end treatment is attached to 
the longi tudinal rail with a rail splice and slanted into the ground 
with no offs e t .  The top rail and post are completely buried at the 
end of the treatment . The top rail of the aluminum guardrail end 
treatment may be a continuous section of rail or t«o sections of 
rail with a rail splice . 
C .  MEDIAN-BARRIER END TREAT!1ENTS 
No information provided . 
D .  GUIDELINES 
Buried end treatments are used for all aluminum- and steel-tube rail 
installations . For steel-beam rai l ,  both buried and BCT end 
treatments are used . The BCT is used only at locations where the 
roadway section can accommodate the mandatory 4-foot offset and 10 : 1  
slopes . 
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IOWA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT. 
a )  Length of parabola, spacing of posts , and offset distance are 
the same a s  1977 AASHTO Guide . 
b )  Wood posts ( 6  by 8 inches )  are used as breakaway posts . 
c )  Breakaway posts installed with 3/4-inch polystryrene foam on 
two sides (8-inch side of approach traffic ·, 6-inch side 
nearest roadway) before placing concrete footing . 
d)  Plate washers omitted for first six posts . 
2 .  TURNED-DOWN 
No use indicated . 
3 .  OTHER 
Downstream Terminal 
Used only when it 
t erminal section is 
anchor rod . 
is shielded from approach traffic . 
anchored into concrete with a cable 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
The 
and 
Cable guardrail was indicated as used but no details concerning end 
treatment were given. 
C .  MEDIAN-BARRIER END TREATMENT 
The Minnesota "bullet-nose" is an adapt ion for median use .  It is 
termed a breakaway end anchorage. Three wood posts are placed at a 
5-foot radius using a bent 1 2-foot ,  6-inch guardrail section to form 
the nos e .  The nose post is 6 by 8 inches while the posts on either 
s ide are 8 by 8 inches.  These three posts  are installed in concrete 
footiongs with 3 /4-inch polystyrene foam on two sides . Cable 
assemblies are installed on the two 6 - by 8-inch posts and anchored 
on the downstream guardrail before the next regular pos t .  
D .  GUIDELINES 
The BCT is the only end treatment employed where the terminal is 
expos·ed to oncoming traffic . The Minnesota "bullet-nose" is an 
adaption for median use.  
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KANSAS 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola, spacing of pos t s ,  and offset dis tance are 
the are the same as 1977  AASHTO Guide .  
b )  Use both wood (6- by 8-inch) and steel breakaway posts . 
c )  Wood breakaway posts are � inserted in steel tube . 
d )  Steel breakaway posts use 2- by 3-foot ,concrete footing . 
2 , TURNED-DOWN 
a )  End treatment has a total length of 50 fee t .  
b )  There i s  no post in the last 2 5  feet with the rail twisted 9 0  
degrees and anchored with an offset distance o f  2 feet . 
c )  Last f ive posts are spaced a t  6 fee t ,  3 inches with the 
guardrail attached to these po sts with bent straps . These 
f ive posts are 6-foot long wood posts with 6-by 8-inch 
dimensions . 
3 .  OTHER 
Non-Breakaway Term1nal 
Specified where there is no opposing traffic within the clear 
zone distance .  This terminal involves a 25-foot section of ra1l 
flared 2 feet . A 6-foot , 3-inch post spacing is used . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  HEDIAN-BARRIER END TREATHENTS 
No informa tion provided . 
D .  GUIDELINES 
The BCT is used on all new construction and reconstruction of high­
volume road s .  The turned down terminal is used on roads with 
restricted right of way with no room for widening for the 4-foot 
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KENTUCKY 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola , spacing of pos t s ,  and offset distance are 
the s ame as 1977 AASHTO Guide . 
b )  Wood po sts ( 6  by 8 inches) are use d .  
c )  Posts are placed in concrete footing with sand o r  1 /  4-inch 
polystryrene foam sheeting around the pos t .  
2 .  TURNED-DOWN 
No use indicated . 
3 .  OTHER 
a )  Buried-in-Cut-Slope 
Involve s anchoring the end post (which is buried) into a 
concrete anchor .  All pos t  spacings are 6 feet , 3 inches . 
The . end pos t  is buried a minimum of 1 foo t .  The distance 
from the shoulder to the guardrail end varies from 2 to 6 
feet as a function of front and back slope . 
b )  Downstream Terminal 
Uses a non breakaway d esign in wbj cb the guard raj l i s  anchored 
to a concrete footing with a cable and anchor rod (cable 
anchored type ) . 
c )  Rock Cut 
The end treatment at the downstream terminal is used for the 
approach end when there is not an adequate recovery zone . 
When an adequate recovery zone exist s ,  the BCT is used . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATl�ENTS 
A median breakaway cable terminal (MBCT) is used . .  A nose breakaway 
post is used in conjunction with one other breakaway wood pos t .  
These posts have blackouts on each side attached to guardrail .  A 
eable assembly is attaehed te beth guardrails and an eye belt en the 
nose pos t .  A terminal section is connected to J:he end of each 
guardrail . 
D .  GUIDELINES 
The buried-in-cut-slope end treatment is preferred . When it cannot 
be used , the BCT is used where possibl e .  When the buried or BCT are 
not feasible, a cable anchored or turned down type may have to be 
considered . 
54 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
LOUISIANA 
a )  Offset to nose of BCT is a minimum of 4 f eet . 
b )  Use wood (6- by 8-inch) or steel breakaway "po s t s .  
c )  A 25-foot rail i s  constructed in parabolic curve to end of 
BCT.  
d)  Length of rail 
minimum width 
section . 
2 .  TURNED-DOWN 
Use not indicated . 
3 .  OTHER 
for terminal section is 
6 feet , 3 inches added 
Trailing (Do>mstream) 
43 feet,  
for BCT 
9 inches , 
breakaway 
A cable is connected 
guardrail at a location 
from the bottom of the post 
close to the next-to-last pos t .  
to the 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
No information available . 
D .  GUIDELINES 
BCT is used for new construction and overlay " project s .  
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MAINE 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Four-foot offset; 37-foot,  6-inch parabola; s pacing is same 
for wood or steel posts ( spacing for steel posts as given in 
1977 AASHTO Guide) .  
b )  Wood breakaway post ( 6  by 8 inches )  inserted into steel tub e .  
2 .  TURNED-DOWN 
a )  Last 2 5  feet turned 90 degrees with last post 12 feet, 6 
inches from end . 
b) Next 125 feet of guardrail flared with posts  at a 6-foot,  
3-inch spacing to junction with longitudinal guardrail . 
c )  End offset is 17  feet from the edge of pavement . Offset is 
1 5  feet from line of guardraiL The flare is not required 
for low volume highways .  
3 .  OTHER 
Flared Nonbreakaway 
Involves flaring the end 6 . 61 feet from the edge of the shoulder 
and placing an end shoe at the end . The approach cnsists of 25 
feet of guardrail at a 300-foot radius followed by 1 2 . 5  feet of 
guardrail at a 30-foot radius . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indic-a ted . 
C .  MEDIAN-BARRIER END TREATMENTS 
No information provided . 
D. GUIDELINES 
The turned-down end is generally used on new construction of 
interstate where the slopes can be constructed to accommodate this 
treatment . The BCT is used mainly in replacing end sections where 
the sl opes were not constructed snffjcjently for the turned-down 
end . The flared non breakaway end treatment is used generally on 
primary and secondary two-lane highways . 
5 6  
A .  ROADS IDE STEEL BEN1 
1 .  BCT 
Do not use BCT . 
2 .  TURNED-DOWN 
MARYLAND 
a )  La st 25 feet of rail is twi sted 90 degrees and anchored at 
and offset distance of 6 fee t .  
b )  Last post is a 6- by 8-inch wood post and there i s  a 1 2-foo t ,  
6-inch spacing to the first steel pos t .  
c )  Seven s teel posts are spaced at 6-foo t , . 3-inch intervals . 
d )  Total length of treatment from beginning of flare to end is 
75 feet . 
3 .  OTHER 
Buried-in-Cut-Slope 
Involves flaring the guardrail with a 200-foot radius at a 
constant elevation over the ditch line into the cut slop e .  The 
end post ( 3  fee t ,  4 1 / 2  inches in height) is underground and 
half of its length is embedded in a 2-foot circular concrete 
block that i s  2 feet , 3 inches in depth. Placement of posts is 
to be adjusted to avoid being installed in center of ditch. 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use blocked-out IV-beam s teel exclusively . 
C .  MEDIAN-BARRIER END TREATMENTS 
1 .  Parallel guardrail twis ted 90 degrees over a 1 2-foo t ,  6-inch 
distance to a median-barrier end block. Last pos t 6 fee t ,  3 
inches from end . 
2 .  Barrier end enclosure uses an earth mound with end buried in the 
center of the 80-foot long mound . Guardrail begins to lower 
f rom its normal height 50 feet from the guardrail end . Maximum 
height of mound i s  2 fee t .  
D .  GUIDELINES 
For roadside guardrai l ,  use either a buried-in-cut-slope or turned­
down end treatment . Do not use BCT. 
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MASSACHUSETTS 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
No use indicated in survey response . 
2 .  TURNED-DOWN 
a )  Total length of terminal section is 1 1 2 . 5  feet . 
b )  Guardrail is twisted and turned down over 37 . 5  fee t .  
c )  All po sts in terminal section are spaced 6 feet, 3 inches .  
d )  The offset distance varies as a function of type of guardrail 
(W-Section or Thrie Beam) and area where guardrail terminates 
(vertical curb, sloped edging , or concrete berm) . The range 
of offset distance is is from 5 . 8  to 8 . 1  fee t .  
e )  Both wood and steel posts may b e  used . 
3 .  OTHER 
Downstream End-Treatment 
Terminal section is specified for both W-Section and Thrie Beam . 
End post may be anchored in concrete when typical embedment is 
not feasible . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
Specifications were given for installation of highway guardrail in 
medians with open well between twin bridg e s .  For this use , the 
length along the face of highway guardrail was 250 feet. End of 
terminal section was· tange.nt over 6 2 . 5  fee t .  The next 37 . 5  feet was 
a circular curve and the remaining 150 feet was normal alignment . 
Offset distance varied from 9 inches to 1 0  fee t ,  dependent upon area 
where guardrail terminates . 
D .  GUIDELINES 
Turned-dGim end treatment is standard 
58 
HICHIGAN 
A .  ROAD SIDE STEEL BEAH 
1 .  BCT 
The BCT end treatment has been used as standard since 1 9 7 4 .  Two 
designs are used : 
a )  When the 1 5 : 1  taper between shoulder and face of tangent rail 
can be obtained, the BCT is offset 3 feet on a 100-foot 
radius end section. Hood posts are used and spacing for the 
last six posts is 6 fee t ,  3 inches .  The '"ood posts are 6 by 
8 inches and are placed in a steel sleeve . 
b )  When the 1 5 : 1  taper between shoulder and flare of tangent 
cannot be obtained , the BCT end must be offset at least 4 
feet from the tangent line of the guardrail installation . 
Other features are same as noted above . 
2 .  TURNED-DOWN 
A turned-down end treatment with po s ts was used as -standard from 
1 9 66-1 97 1 .  From 1971-197 4 ,  the standard end treatment was a 
turned-down type without pos t s .  
3 .  OTHER 
Updating of exi s ting blunt end treatments �s accompl�shed oy 
adding a curved section ( 5 0  foot-radius) of guardrai l ,  connected 
to a straight section and nonbreakaway buffered section and 
nonbreakaway buffered end sho e .  A maximum 4-foot offset is 
required . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey response .  
C .  MEDIAN-BARRIER END TREATHENTS 
For medians greater than 55 fee t ,  standard Michigan BCT is used . 
For medians 4 6  t o  55 fee t ,  standard Michigan BCT is used along with 
curled end to tie secondary end treatment to back side of guardrai l .  
s 
1 .  Michigan BCT is used as standard end treatment . 
2 .  When 1 5 : 1  taper between shoulder and face o f  guardrail tangent 
s ection can be obtained , the BCT is offset 3 feet on a 100-foot 
radius end section . 
3 .  When 1 5 : 1  taper be tween shoulder and face of guardrail tangent 
section cannot be obtained,  the BCT end must be offsest at least 
4 feet from the tangent line of the guardrail installation . 
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MINNESOTA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola, spacing of pos t s ,  and offset distance are 
the same as 1977 AASHTO Guide .  
b )  Use 6 - by 8-inch wood breakaway posts in concrete footing . 
Posts  placed in 6 1 /2- by 8 1 /2-inch socket with void around 
post filled with silica sand to within 1 inch of top with 
remainder caulked with an approved waterproof materiaL An 
alternate foundation uses a steel tube in which to place the 
wood breakaway pos t .  
c)  Approaches to BCT should be as level as possible , preferably 
10 : 1  or flatter. 
d) Necessary to have a clear zone directly behind the breakaway 
section so that a vehicle penetrating it may clear the hazard 
being shielded . 
2 • TURNED-DOWN 
a)  Las t  25 feet of rail twi sted 90 degrees with no posts.  
b) A minimum offset of 2 feet over this 25 feet of rail .  
c )  Next two posts spaced a t  1 2  feet , 6 inches giving a total 
end-treatment length of 50 fee t .  
3 .  OTHER 
a)  Downstream Terminal 
Involves connecting a buried concrete anchor to the guardrail 
using an anchor cable and rod .  
b )  Buried-in-Cut-Slope 
Involves burying the guardrail end in an earth mound to the 
full guardrail height. 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
CABLE 
An end post anchored by a precast concrete bearing block is used . 
The end post is then connected to a buried anchor block by a 
turnbuckle anchor rod . The end post is offset about 9 inches back 
from the line osts . 
C .  MEDIAN-BARRIER END TREATMENTS 
A 5-foot radius ( "bullnose " )  treatment is used in gore areas and to 
close two lines of guardrail by means of a loop nose.  A 12-foot , 
6-inch guardrail section subtends an arc o f  about 143 degrees . 
D .  GUIDELINES 
Use of BCT treatment is limited to installations where space is 
limited and a turned-down end treatment ( twisted end) would be 
difficult to install . 
60 
A .  ROADSIDE STEEL BEAH 
1 .  BCT 
MISSISSIPPI 
a) Length of parabola, spacing of po s t s ,  and offset dis tance are 
the same as 1 97 7  AASHTO Guide . 
b )  Use 6- by 8-inch wood posts placed in either concrete footing 
or steel tube or use breakaway metal pos ts placed in concrete 
footing . 
c )  Two diaphragms placed in buffer end section . 
2 .  TURNED-DOWN 
Use not indic ated . Investigating the pos sibility of using a 
"modified Texas twist" . 
3 .  OTHER 
a )  Cable Anchorage 
Used for both metal and timber po sts . A cable and rod 
connects the guardrail (using an anchor plate) to a buried 
concrete ancho r .  
An end tretment flared and buried into a cut slope i s  used . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
A b reakaway-type treatment in which the two end breakaway posts are 
connected to two parallel guardrail using blackouts is used . A 
cable assembly is attached to both guardrails and an eye bolt on the 
nose ( end) pos t .  An end section is connected to the end of the two 
paralled guardrails . 
D .  GUIDELINES 
Acceptable guardrail end treatments include the BCT and the buried­
in-cut-slope treatment . 
61 
· MI SSOURI 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
Have not used BCT. 
2 .  TURNED-DOWN 
a ) Last 25 feet of rail turned through 90 degrees with posts 
spaced 6 fee t ,  3 inches over the 25-foot transition. 
b) End not offse t .  
3 .  OTHER 
No other information provided . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END-TREATMENT 
Use two parallel turned-down guardrails tw�sted over 25 feet w�th 
rail on either side of steel post s .  
D .  GUIDELINES 
Turned-down type terminal section is the only type used on the 
approach end in the direction of traffic when installed at 
accessible locations on standard roadways and less than 30 feet from 
the roadway • 
6 2  
A .  ROADS IDE STEEL BEru� 
1 .  BCT 
!10NTANA 
a )  A 7 5 -foot terminal end section is specified to be used on all 
approach ends and on all two-lane , two-way departure ends . 
Twelve pos t s ,  including the t>To breakm<ay pos t s ,  are flared 
at a constant slope to a maximum offset of 8 . 5  fee t .  
b )  Use wood ( 6 - by 8-inch) breaka>�ay posts placed in a concrete 
footing . 
2 .  TURNED-DOHN 
No use indicated . 
3 .  OTHER 
Buried-in-Cut-Slope 
Involves flaring guardrail into the cut 
a po st spacing of 6 f e e t ,  3 inche s .  
2 8 . 6 6  fee t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
CABLE 
slope using 20 posts at 
Offset o f  last post i s  
A driveway anchor section that involves anchoring an end post with a 
rod to a buried concrete anchor is used . 
C .  NED IAN-BARRIER END TREATNENT 
Information not available . 
D .  GUIDELINES 
The slope-embedment ( buried-in-cut-slope) treatment is preferable to 
the BCT. 
63  
• 
NEBRASKA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola, spacing of post s ,  and offset distance are 
the same as 1977 AASHTO Guide . 
b )  Use 5 1/2- by 7 1/2-inch breakaway wood posts inserted into a 
steel tube . 
c )  Last 25 feet is one W-beam element . 
2 .  TURNED-DOWN 
a )  Last 25 feet of rail twisted 9 0  degrees and anchored with no 
pos t s .  
b )  End offset o f  6 inche s .  
c )  Rail element i s  not connected t o  the first five posts ( 6 - by 
6-inch wood) , but rather to backup connection pieces using 
steel fastening strap s .  The purpose is to weaken the 
connections to allow the rail to disconnect from t!J.e posts 
when impacted. 
d) The total terminal section length is 50 feet . 
3 .  OTHER 
No other informa tion provided • 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENTS 
Informa tion not available. 
D. GUIDELINES 
For new construction, when the lateral clear distance cannot be 
acquired , then guardrail is installed out to the desirable lateral 
distance with a BCT. For resurfacing project s ,  normally modify 
existing 25-foot terminal section of s tandard 50-foot turned-down 
end treatment For resurfacing projects when a new end treatment i s  
required and shoulders can be widened, a BCT i s  installed . 
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NEVADA 
A .  ROADSIDE STEEL BEAN 
1 .  BCT 
a) Length of parabola, spacing o f  posts , and offset distance are 
the same as 1977 AASHTO Gui d e .  
b )  U s e  6- by 
with one 
sheeting . 
8-inch wood breakaway posts in concrete footing 
layer of 1 /4-inch expanded polystyrene foam 
Approach pos t s  may be wood or steel.  
2 .  TURNED-DOWN 
Use not indicated . 
3 .  OTHER 
Buried-in-Cut-Slope 
Involves flaring the guardrail across the ditch at the standard 
guardrail heigh t .  Use a 5 0-foot parabola to change from the 
longitudinal barrier to the approach to the slop e .  Bury 
guardrail at least 6 feet into the slope and end of guardrail is 
attached to an end post that has a 3 feet minimum height. l...rea 
in advance of guardrail as it flares to the cut shall have a 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREAT11ENT 
A median-breakaway-cable-t erminal is used . The two breakaway posts 
have guardrail on each side attached to blackouts . A cable assembly 
is attached to both guardrails and an eye bolt on the nose pos t .  A 
terminal section is connected to the end o f  each guardrail . 
D.  GUIDELINES 
None given. 
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NEW HAMPSHIRE 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
Have not used . 
2 .  TURNED-DOWN 
3 .  
a )  Last 25 feet twisted 9 0  degrees with no pos t s .  
b )  Spacing between first two posts of 12 feet , 6 inches with 
remainder spaced at 6 fee t ,  3 inches .  
c )  Total length of terminal section is 7 5  feet . 
d )  Flare is a 16-degree curve with the end offset 8 feet gver 
�he distance of 7 5  feet . 
e )  The end anchor and part of the last 25-foot section i s  
buried . 
OTHER 
a )  Terminal Po st at Departure End 
Guardrail has a curved end shoe 
depth o f  3 fee t ,  2 1/2  inches .  
post Is anchored underground . 
and the end post is buried a 
The pos t  adjacent to the end 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
1 .  CABLE 
A 42-foot terminal section is provided with a 4-foot flare. The 
cables are twisted 90 degrees over the last 18 feet and 
anchored.  
C .  MEDIAN-BARRIER END TREATMENTS 
Information not available . 
D. GUIDELINES 
Normally use a W-beam guardrail and a turned-down ( twist)  terminal 
unit for approaching traffic . 
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A .  R OADSIDE STEEL BEAN 
BCT 
a) End section 
possible . 
b )  Hhere flared 
rail element 
installation. 
NEW JER SEY 
is flared and offset 
offset is less than 4 
is required at 
4 feet or more where 
fee t ,  a 25-foot flared 
the beginning of the 
c )  Posts are spaced at 6 f e e t ,  3 inches where obstruction or 
hazard is at least 4 feet from guardrail placement . In all 
cases , the last five posts are spaced at 6 feet , 3 inches .  
d )  The terminal posts are 6 by 8 inches and are woo d .  Approach 
pos ts are steel . 
e )  Terminal posts are anchored in concret e .  
f )  A diaphragm i s  used in the nose cone . 
2 .  TURNED-DOWN 
Use not indicated in survey response . 
3 .  OTHER 
a) Buried-in Cut �lope 
Where possible , the approach end of the guardrail is buried 
in the cut slope . Howeve r ,  no specifications were provided 
in survey respons e .  
b )  Downs tream End-Treatment 
End is cable anchored in concrete footing. Footing has a 
minimum diame ter o f  1 f oo t ,  6 inches and is 5 feet long , 
placed flush with the ground . Cable goes through last post 
and ties in with footing 1 foot below ground line . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey response .  
C .  NED IAN-BARRIER END TREATHENT 
1 .  Nedian BCT has been used where dual face beam guardrail has been 
terminated in a median . NBCT has 3 / 1 6  inch by 30 inch steel 
plate that extends over a section of 25 feet at the terminal 
section . End post is 6 by 8 inches with 6- by 6-inch wood 
blocks attached to post and steel plat e .  The next four posts 
are 8- by -inches and 6- by 8-inch wood blocks tie post to steel 
plate . 
2 .  When clearance from back of rail to obstruction is more than 2 
feet but less than 4 f ee t ,  two BCT ' s  are used in medians . The 
two BCT ' s  are spaced so the end of one (nearest oncoming 
traffic) extends 6 f e e t ,  3 inches beyond the end of the other 
BCT ( farthest from oncoming traffic ) .  The end of the BCT 
farthest from oncoming traffic is spaced 2 feet from the next to 
last post of the other BCT . BCT nearest oncoming traffic has 
flare typical for approach end and BCT farthest from oncoming 
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New J ersey ( Continued) 
traffic has flare typical for trailing end . 
D .  GUIDELINES 
1 .  BCT is used at all s teel-beam guardrail ends with the following 
exceptions : 
a )  Where the approach end can be buried in a cut slope , 
b )  Where the guardrail begins or terminates at a structure , and 
c )  Where the trailing end cannot be impacted by a vehicle traveling 
in the opposite direction. 
2 .  The cable-anchored end treatment is used where the trailing end 
cannot be impacted by a vehicle traveling in the opposite 
direction• 
3 .  Median BCT has been used where dual-face beam guardrail has been 
terminated in a median. 
4 .  Where clearance from back of rail to obstruction is more than 2 
feet but less than 4 feet , two BCT ' s  are used in median s .  
6 8  
NEW NEXICO 
A .  ROADSIDE STEEL BEAN 
I .  BCT 
a) Both steel- and wood-po s t  installations are used . Spacing of 
both steel and wood posts are the same as 1977 AASHTO Guide . 
b )  For steel-post installation, the two breakaway posts at end 
are 6 by 6 by 0 . 187 5 inches and are placed in a concrete 
footing . 
c )  For wood-post installation, the two breakaway wood posts at 
end are 5-1/2 by 7-1/2 inches and are placed in steel tube 
for anchorage . 
d )  For both type s ,  the end section is offset 4 feet'  over a 3 7  
1 / 2-foot parabola . 
2 .  TURNED-DOWN 
a )  A 2 5-foot section of rail is used with two posts and anchor . 
The length of guardrail between anchor and last post is 1 8  
feet 6-7 /8 inches . The rail i s  twisted 9 0  degrees over the 
25  foot dis tanc e .  
b) Concrete anchor bl ock is placed flush with ground l ine and is 
5 feet long by 1 .  5 feet in diamete r .  
c )  End sect ion i s  no t offse t .  
3 .  OTHER 
Use not indicated in survey response .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey response . 
C .  MEDIAN-BARRIER END TREATI1ENT 
No informa tion provided in survey respons e .  
D .  GUIDELINES 
No information previdecl in survey response 
6 9  
NEW YORK 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
BCT is not used . 
2 .  TURNED-DOWN 
a )  Steel Weak Pos t  End Treatment 
Total end-section length is 50 fee t .  The concrete anchored 
end is offset 4 feet from mainline guardrail . The last pos t  
and next-to-last post are offset 12 inches and 6 inche s ,  
respectively . The last 2 5  feet has n o  posts and is twisted 
90 degree s .  Posts are spaced at 12 feet , 6 incnes for the 
remaining distance . The twisted portion of rail intersects 
ground line approximately midway between last post and 
anchor . Concrete anchor is approximately 3 .5 by 3 fee t .  
b )  Heavy Post Block-Out Corrugated Beam Guardrail 
Total offset varies from 1 3 . 5  feet to 3 0 ·  feet, 10 inche s ,  
depending o n  length of tangent section. Minimum length o f  
t angent section is to be used wben fixed object is at point 
of nee d .  Posts are spaced at 6 feet , 3 inches . 
3 .  OTHER 
No use indicated in survey response. 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
1 .  BOX-BEAM GUARDRAIL 
a )  End section is turned down over 3 feet, 1 1  inches . 
b )  Spacing between last post and anchor post is 4 fee t ,  7 
inches . 
c )  Offset is 1 2 . 5  feet over last 7 2  fee t .  
d )  The flared section i s  curved o n  a radius of 205 .25 fee t .  
e )  Steel posts are anchored underground into a steel plate . 
2 .  CABLE GUARDRAIL 
a )  End section is 42 fee t .  
b )  Anchor is offset 4 feet from face of tangent guardrail . 
c) There are no posts in the last 18 feet . The next four posts 
are spaced at 6 fee t .  These four posts ,  beginning nearest 
the anchor and progressing toward tangent section are offset 
l foot 8 inches ,  1 foot ,  6 inches ,  and 2 inche s ,  
respect ively . 
d)  The turned down portion of cable intersects ground 
approximately midway between last post and anchor . 
C .  MEDIAN-BARRIER END TREATMENTS 
1 .  STEEL BEAM 
level 
a )  Heavy pos t  blocked-out s teel beam median barrier is used . 
· b) Double-faced rail is joined together and turned down over a 
distance of 25 fee t .  
c )  Minimum length o f  flare prior t o  median pier i s  150 fee t . 
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New York ( Continued)  
d )  Post spacing i s  6 f ee t ,  3 inches throughout .  
e )  End section is anchored in concret e .  
2 .  BOX BEAll 
a )  End section is turned dmm over a length of 18 fee t .  
b )  Box-beam rails are spaced 6 feet a t  end section. 
c) Last post is 15 feet from concrete anchor .  
D .  GUIDELINES 
No specific guidelines for end treatments included in response . 
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NORTH CAROLINA 
A.  ROADSIDE STEEL BEAM 
1 .  BCT 
a )  Length of parabola, offset distance and spacing of posts are 
the same as 1977 AASHTO Guide . 
b )  Both steel and wood approach posts are used . Wood terminal 
posts are used in both cases and are 6 by 8 inche s .  
c )  For anchoring end posts,  either concrete footing or s teel­
tube footing is used . 
2 .  TURNED-DOWN 
Use not indicated in survey response . 
3 .  OTHER 
a )  Buried-in-Cut-Slope 
Taper of end section is 1 2 . 5 : 1  with a maximum offset of 17  
fee t .  
b )  Downstream End Treatment 
Cable anchor terminal is used . A cable extends from the 
bottom of the last post to an anchor plate placed on the 
gua rdra i l  1 2  i nches from the center of the next to the last 
pos t .  For concrete footing, 6- by 8-inch posts are used . 
For steel-tube footing , 5- by 7 1 /2-inch posts are used . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey respons e .  
C .  MEDIAN-BARRIER END TREATMENTS 
1 .  Two BCT ' s  are used with end treatment nearest oncoming traffic 
offset from tangent section by 4 fee t .  BCT farthest from 
oncoming traffic is offset 2 feet from tangent section . 
2 .  BCT farthest from oncoming traffic is spaced 1 2 . 5  feet 
downstream from BCT neares t  oncoming traffic . 
None given in survey response. 
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NORTH DAKOTA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Standard end treatment is BCT , vhich is transitioned into a 
box-beam guardrail . 
b )  Length of parabola, spacing of post s ,  and offset distance 
are '  the s ame as 1 9 7 7  AASHTO Guide .  
c )  Wood 8 - by 8-inch pos ts are used for the terminal posts . 
d )  Terminal posts are anchored in 24-inch concrete footings and 
are vrapped with sheet metal . 
2 .  TURNED-DOWN 
Use not indicated in survey response . 
3 .  OTHER 
Use not indicated .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
1 .  BOX BEAM 
Box beam guardrail is used vith BCT as standard end treatment 
and a transition from the BCT end treatment to the box-beam 
guardrail . 
2 .  CABLE 
Three-cable guardrail i s  used with end treatment consis ting o f  a 
turnbuckle anchor rod tied into concrete foot ing . 
C .  MEDIAN-BARRIER END TREATMENTS 
No information provided in survey respons e .  
D.  GUIDELINES 
S tandard guardrail ·is box beam with BCT end treatment with a 
transition from the BCT end treatment to the box-beam guardrail .  
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OHIO 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola , spacing of posts , and offset distance are 
the same as 1977 AASHTO Guide .  
b )  Only wood posts are used for approach end terminal . Two end 
posts are 6 by 8 inches . 
c )  End posts are encased in concrete footing, which is 24 inches 
in diameter by 3 fee t ,  5 inches long . End posts also may be 
placed in steel tube,  which is 5 feet long. 
d) A diaphragm is used in the end-section nos e .  
2 .  TURNED-DOWN 
a )  End section is 25 feet long . -
b )  A single 25-foot rail element is twisted 90 degrees . 
c )  Offset distance is 1 . 5  feet . 
d )  Distance between concrete anchor and first post i s  18 fee t ,  9 
inches . Distance to next post is 6 fee t ,  3 inches . 
e) Concrete anchor, which j s  36 i nches i n  djameter and a minjmum 
0 3 feet , 10 inches deep, is used . 
----------------------��6a<S�tt-ttww�-pests are anehered-Ln�e�ean�e�r���-------------------------------------
• 
3 .  OTHER 
Downstream End Treatment 
A brace rod is connected between the last two posts and these 
posts are anchored in concrete footing . This brace is connected 
to the bottom of the end post and to a plate, which is placed 
behind the guardrail at the -next to the last pos·t . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey response.  
C .  MEDIAN-BARRIER END TREATMENTS 
1 .  For median width of 25 feet or less , back-to-back rails are 
turned down over a 25-foot· section. Spacing of posts are same 
as single turned-down rail. 
2 .  width 26 
rail with 
section on a 
feet or 
the two 
40-foot 
For median 
continuous 
1 2 . 5-foot 
1 2 . 5  feet on a 5-foot radius . 
D .  GUIDELINES 
greater, end treatment is a 
sides joined together with a 
radius with the nose section of 
1 .  Turned-down end is used for highways having less than 1 , 000 ADT 
or design speed less than 50 mph whenever shoulder width is 
insufficient to provide the standard flares . 
2 .  BCT end treatment is used on approach end along directional 
roadways and at both the approach and trailing ends along two-
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Ohio  (Conti n ued ) 
way roads . BCT is used for high-volume highways at the end of a 
standard flare . 
3 .  BCT also may be specified for drive openings whenever sufficient 
berm width is available.  
4 .  Guidelines for median end treatments are same as  noted in C 
above . 
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OKLAHOHA 
A .  ROADSIDE STEEL BEAH 
1 .  Use of BCT was discontinued because of cost and lack of 
availability of replacement part s .  
2 .  TURNED-DO\m 
a )  Total end section length is 7 5 feet . The section between 
concrete footing and next post is 25 feet long and is twi sted 
90 degrees . The next 25-foot section is curved on a radius 
o f  470 fee t .  
b )  The end anchor i s  set in a concrete footing and is offset 2 
fee t .  The next two posts  are spaced at · 12 . 5  feet and the 
offset distances are 2 . 17 and 2 . 0  feet ,  respectively. 
c )  The first post is 25 feet from the end anchor followed by a 
post at a spacing of 1 2 . 5  feet . Both of these posts  are 6-
by 8-inch posts  with no blockou t .  Thereafter , standard 6 - by 
8-inch posts with 6- by 8-inch blockouts are placed on 6 . 25 
oot cente r s .  
d )  The first eight posts have two-inch holes drilled i n  . the 
eight-inch side. 
e) The guardrail is not bolted to the first eight pos t s .  With 
the bolts removed, the rail will be depressed to the ground 
when impacted . 
3 .  OTHER 
No information provided in survey respons e .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No informa tion provided in survey response . 
C .  MEDIAN-BARRIER END TREATHENTS 
Turned-down end treatment is used with each of double-faced rails 
twisted 90 degrees down to ground oye r 2 5 feet . There are no posts 
in the last 25 fee t .  Other posts are spaced at 6 . 25 feet.  Concrete 
anchor is same as regular turned-down treatment . 
D .  GUIDELINES 
Turned-down end treatment is used exclusively . In replacing and 
updating old guardrail in place, the 4-foot offset is used where 
possible. 
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A .  ROADSIDE STEEL BEAM 
1 .  BCT 
OREGON 
a )  Use 6 - by 8-inch wooden posts placed in concrete footings . 
b )  End is offset a minimum o f  4 feet with a desirable offset of 
10 feet . 
c )  Length of total end treatment varies with offset distance . 
This length increases from 50 feet for a 4-foot offset to 
1 12 . 5  feet for an 8-foot offse t .  
d )  Spacing of posts is 6 fee t ,  3 inches .  
e )  End is anchored in concrete . 
2 .  TURNED-DOWN 
Use not indicated . 
3 .  OTHER 
Downstream Terminal 
This end treatment involves anchoring the guardrail ( between 
the first and second pos t )  to a buried concrete-block anchor 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
No information " supplied . 
D.  GUIDELINES 
None given.  
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PENNSYLVANIA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a )  Guardrail is offset on a flare over a length of 37 feet, 6 
inches with a maximum offset of 4 feet, 3 1/4  inche s .  
b )  Post spacing for steel posts i s  same a s  i n  1 9 7 7  AASHTO Guide .  
c )  Uses only steel breakaway posts anchored in concrete footing . 
2 • TURNED-DOWN 
a)  For weak post (aluminum alloy) design, the last 25 feet are 
turned 90 degrees with no posts and buried between the last 
post and concrete anchor. Offset over last 25 feet is 4 
feet , 6 inches . Also, there is a 1 2�inch taper the next 1 2 . 5  
feet back. 
b)  For strong post ( steel) design, the last 37 . 5  feet with posts 
spaced at 6 fee t ,  3 inches are turned through 90 degrees and 
anchored in concrete .  
Buried-in-Cut-Slope 
----------------------�rl�s�ttrreeaa�nrl�� 4te-g�rdrail,--r���4i�n�g�i�t�s•-�----------� 
full height , into the slope.  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
Three different types of end treatments are used , depending upon the 
width of the median : 
a )  BCT, with a 150-foot parabolic flare (median width 30-foot 
minimum) , 
b )  Weak-post turned-down design, with a 7 5-foot minimum parabolic 
flare (median width 40-foot minimum) , and 
c )  Treatment for median widths of 20 to 40 fee t ,  parallel rails are 
spliced together in last 25 feet by cutting one rail off 13 .s 
feet from last post and splicing it to the other ra1I. rne ra1Is 
are turned through 90 degrees over the last 25 feet and anchored 
in concrete .  
D •  GUIDELINES 
1 .  Buried-in-cut-slope is preferred over all o ther treatments ,  even 
when rail -must be extended a short way to accomplish thi s .  
2 .  For strong post guardrail systems , when the end cannot be buried 
in a cut slope , the BCT should be utilized on the approach end 
and on both ends of the rail for two-lane highways . When the 
necessary offset and slope for the BCT cannot be obtaine d ,  use 
turned-down end treatment . 
3 .  For weak-post guardrail systems , when the end cannot be buried 
in a cut slope, use a turned-down end treatment . 
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RHODE I SLAND 
A .  ROADSIDE STEEL BEAN 
1 .  BCT 
a) Length of parabola, spacing of posts , and offset dis tance are 
the same as 1977  AASHTO Guide ( steel-·post design) . 
b )  S t eel pos t  design is used . Las t two posts are wood -- 6 by 8 
inches .  
c )  Breakaway end posts are anchored in concrete footing 36 
inches in diameter by 3 6  inches deep . End posts are placed 
in cardboard sonar tubes or metal sleeves . 
d )  piaphragm is used in nos e-cone sectio n .  
2 .  TURNED-DOWN 
a )  End sect ion is slanted into ground over a length o f  37 . 5  
fee t .  
b )  Post spacing i s  6 fee t ,  3 inches throughout . 
c )  Rub rail also is carried underground and· ends at third post 
from end . 
3 .  OTHER 
e 
Flare is over a distance of 31  fee t ,  3 inche s .  Offset  
distance at buried end varies from 9 to 1 5  fee t .  
b )  Trailing End 
Treatment is cable-anchored in reinforced concrete footing . 
Distance from last post to concrete footing i s  5 . 5  f ee t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No information provided in survey response .  
C .  }ffiDIAN-BARRIER END TREATMENTS 
No information specifically provided for 
faced end treatment (which could be used 
s imilar to single-faced turned-down 
summarized . 
D .  GUIDELHffi S 
medians . However , double­
in medians) is turned d own 
end treatment previously 
1 .  Turned-down and buried-in-cut-slope end treatments are used 
where field conditions permi t .  
2 .  The BCT i s  used where other types o f  end treatments cannot be 
used . 
3 .  On narrow undivided highways , the approach end treatment is used 
on both ends . 
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SOUTH CAROLINA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a)  End section is offset a minimum of 4 feet over a flare 
distance of 3 7 . 5  fee t .  
b)  Post spacings are 6 feet , 3 inche s .  
c )  All posts are 6 - by 8-inch wood . 
d )  End posts are anchored in concrete footing. Welded wire­
fabric cylinder is placed on each side of post within the 
concrete footing . 
2 .  TURNED-DOWN 
Use not indicated in survey response. 
3 .  OTHER 
a)  Buried-in-Cut-Slope 
End section is flared into cut slope over a distance of 125 
feet . The end is flared at the rate of 1 0 : 1 .  End is 
anchored in cut slope and bolted to a concrete footing . 
b )  Downstream End Treatment 
End pos t  is anchored ju concrete and cable is attached from 
top of guardrail to bottom of end pos t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No information provided in survey respons e .  
C .  MEDIAN-BARRIER END TREATMENTS 
For medians less than 6 0  feet wide,  two sections of guardrail are 
placed back-to-hack at a taper of 1 0 : 1  or over a flare distance of 
1 1 2 . 5  feet , whichever is greater.  End is offset 1 0  feet from 
tangen t .  Type of anchor is unknown . Ends o f  back-to-hack are 
spaced 5 feet apart laterally . A dis tance of 1 2 . 5  feet is between 
the end of rail nearest oncoming traffic and the end of rail 
farthest from oncoming traffic . 
None given. 
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A .  R OADSIDE STEEL BEAM 
1 .  BCT 
SOUTH DAKOTA 
a )  Length o f  parabola, spacing o f  pos t s ,  and offset distance are 
the s ame as 1977  AASHTO Guide . 
b )  Use 5 1/2- by 7 1/ 2-inch wood breakaway terminal po sts placed 
in steel tubes (rather than concrete )  for footings . 
c )  Approach posts are also wood . 
2 .  TURNED-DOWN 
Do not u s e .  
3 .  OTHER 
Trailing End Terminal 
Cable anchored from guardrail to end post as in BCT . Las t  post 
is  a 5 1 /2- by 7 1/2-inch wood post inserted in a steel tube . A 
s tandard terminal section ( end sho e )  is used rather than the 
" boxing glove" used in BCT . 
B .  OTHER Hl'ES OF ROA:lJSillE GUARllRAIL 
C .  HEDIAN-BARRIER END TREATHENT 
No information availabl e .  
D .  GUIDELINES 
Only approach end treatment used in BCT . 
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TENNESSEE 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a )  Length of parabola, spacing of posts , and offset distance are 
the same as 1977 AASHTO Guide . 
b )  Use 6 - by 8-inch wood breakaway terminal posts placed in 
either concrete footing or steel tub e .  When placed in 
concrete, post may be surrounded by sand with a joint seal 
material at the top or wrapped with 1 /4-inch polystyrene 
foam. 
c )  Approach posts are steel . 
2 .  TURNED-DOWN 
Use aot indicated . 
3 .  OTHER 
a )  Buried-in-Cut-Slope 
Treatment involves flaring the guardrail over the ditch while 
maintaining a constant height and attaching the rail to a 
buried concrete anchor . 
The guardrail is either attached to a concrete anchor 
modified to suit the slope or attached directly to the rock 
face . 
c )  Downstream Terminal 
The guardrail is anchored by a cable attached to the 
guardrail between the first and second post and to a buried 
concrete anchor placed 5 fee t ,  6 inches behind the last pos t .  
Cable i s  parallel t o  guardrail for straight runs but may have 
angle point at anchor plate when guardrail is curved . End of 
guardrail has a flared end shoe . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
No use indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
BCT-type treatment in direction of traffic installed parallel to 
median centerline when median is 30 feet or less in width and 
installed wi th typical BCT flare when median width is greater than 
30 feet . Parallel guardrail for end on downstream end stops at 
third post with a rounded end section element. First four posts are 
breakaway . 
D .  GUIDELINES 
Upgrading of guardrail is performed on various projects as they are 
let to contract for resurfacing, widening , or safety upgrading of a 
roadwa y .  An effort is made to provide additional embankments for 
flare needed for BCT . In situations when older section of guardrail 
i s  damaged, it is generally replaced in-kind without upgrading to 
current standards . 
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TEXAS 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
Not used . 
2 .  TURNED-DOWN 
a) A 25-foot long rail secton is t"isted 9 0  degrees and secured 
to a buried concrete anchor . 
b )  No po sts are used "ithin this 25-foot section. 
c )  The first two post spacings are 12 fee t ,  6 inches followed by 
6 -feet,  3-inch spacings . 
d )  The end is not offset . 
3 .  OTHER 
No other information provided . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
No information available . 
D .  GUIDELINES 
BCT is no t used . The turned-dmm end is used whenever guardrail is 
installed without regard to highway clas s ,  traffic volume or speed , 
o r  geometries . 
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UTAH 
A .  ROADSIDR STEEL BEAM 
1 .  BCT 
Use not indicated . 
2 .  TURNED-DOWN 
a )  The approach element is 25 feet plus end section . 
b )  The last 2 5  feet are twisted 90 degrees with posts spaced at 
6 fee t ,  3 inches .  
c )  The end is not offset. 
3. OTHER 
No other information provided . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
BOX BEAM 
An 18-foot section is flared to the ground and anchored . The last 
post i s  approximately 9 feet from the end . The anchored end i s  not 
offset .  
C .  MEDIAN-BARRIER END TREATMENT 
The turned-down end treatment is used . 
D .  GUIDELINES 
The turned-down treatment is installed on the approach guardrail and 
on trailing end of guardrail in medians and on all guardrail on two­
lane roads . 
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VERMONT 
A .  ROADS IDE STEEL BEM1 
1 .  BCT 
a )  Length of parabola , spacing of p o s t s ,  and offset distance are 
the s ame as 1977  AASHTO Guide . 
b )  Use both steel and wood ( 6- by 8-inch) approach and terminal 
pos t s .  
c )  U s e  concrete footing for steel posts and either concrete 
footing or s teel tube for wood pos t s .  Place a double wrap o f  
asphalt-treated felt around <mod pos t s  before concrete 
placement to facilitate replacement of damaged posts . 
2 .  TURNED-DOWN 
a )  Las t 25 feet are twi sted 90 degrees and anchored using a 
concrete anchor . There are no posts  in this 2 5  feet . About 
one half of this distance i s  buried . 
b )  End offset i s  4 feet . 
c )  Total length of treatment is 37 . 5  fee t .  
Flared Nonbreakaway 
One 1 2  foot , 6 inch beam section shop-formed to a 16-foot radlus 
is at tached to regular guardrail .  One intermediate post is  
placed at 6 foot,  3 inch spacing . Las t  pos t  is  offset 4 feet,  
10  inches from normal line of guardrail with a curved end shoe 
placed on the end . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER EriD TREATMENT 
No information available .  
D .  GUIDELINES 
Three guardrail end treatments are used in conjunction with W-beam 
guardrail : the BCT, turned-dmm ,  and a flared-nonbreakaway design.  
Design speed i s  normally the only consideration used in the 
s election of the end treatment . On projects having a design s peed 
greater than 4 0  mph, the BCT is normally specified on approach end s .  
For projects designed for 4 0  mph o r  les s ,  the less expensive 
" flared-nonbreakaway" end trea tment is used . On one-way roadways , 
such as the interstate where two-way traffic might occasionally be 
required during maintenance or emergency condition s ,  the turned-down 
t reatment would usually be specified on the exit end of the 
guardrail .  
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VIRGINIA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) Length of parabola, spacing of posts , and offset distance are 
the same as 1977 AASHTO Guide. 
b )  Use either steel or wood (6- by 8-inch) approach and terminal 
posts .  For wood post s ,  use concrete footing. For steel 
posts , use either concrete footing or stabilizer plate . 
2 .  TURNED-DOWN 
a )  A turned-down end terminal is used in conjunction with the 
weak-post guardrail system. The last 25 feet are turned 
through 9 0  degrees with no post s .  
b )  The end i s  offset 4 feet from the face o f  guardrail line and 
buried and attached to a concrete anchor .  Approximately one­
half of the 25-foot section is buried . 
c )  Total end treatment i s  50 feet with two post spacings at 1 2  
feet , 6 inches before beginning o f  twist.  
3 .  OTHER 
a) Buried-1n-Cut-Slope 
This treatment involves flaring the guardrail across the 
ditch line and burying the guardrail end into the slope . The 
end should be a minimum of 1 foot underground . The terminal 
treatment ( from bottom of ditch to end) must be a minimum of 
1 2 . 5  feet (at least two 6 .25-foot span s ) .  The bottom height 
of guardrail shall be maintained parallel to ditch slope. 
Flare is not to exceed 15 degrees . A trench no greater than 
10 inches in width is to be excavated into the cut slope to 
provide for the guardrail posts and beam. 
b )  Rock Cut 
The rail is flared as with the cut slope . The guardrail is 
bolted to the rock cut with the guardrail to terminate a 
minimum of 6 inches below ground elevation of the back slope . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
CABLE 
The total end treatment is 42 feet in length .  This length consists 
of four post spacings of 6 feet and then a final spacing of 18 feet 
between the last post and the anchored end. The cables are twisted 
and anchored in this 10-foot section. The end anchorage is offset 4 
feet in a fill and 5 feet in a cut . 
C .  MEDIAN-BARRIER END · TREATMENT 
a)  Terminal treatment for blocked-out W-Beam median barrier. 
Consists of turning down the two parallel guardrails and 
anchoring each rail over a dis tance of 37 . 5  feet with a constant 
post spacing of 6 fee t ,  3 inche s .  
b )  Standard W-Beam median barrier ( weak-post system) 
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Consists of turning down the two parallel guardrails over a 
d i stance of 2 7  f ee t ,  1 inch with no posts in this length . One 
guardrail ends and is spl iced to the o ther at the approximate 
midpoint of this distance so only one guardrail is anchored . 
c )  BCT end treatments are used for median-barrier purpose s .  Either 
one or two is used , depending upon the geome tries of the 
location. 
D. GUIDELINES 
Three types of guardrail are used : a strong po s t  system ,  a weak­
p o s t  system ,  and a cable guardrail . For the strong-po st sys tem, the 
p r eferred treatment is to bury the end of the guardrail in a cut 
s lope even \i7hen the guardrail must be extended a short dis tance to 
a ccompli sh thi s .  \Vhen the "buried-in-cut-slope" treatment is not 
practica l ,  the BCT is  used . A 4-foot flare is  considered es sential 
when using the BCT. A turned-down end treatment is  used in 
conjunction with the weak-po s t  system .  Hhen using cable guardrail 
in close vicinity to a cut sec tion, is should be extended and 
terminated in the back slope o f  the cut ditch . 
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A .  ROADSIDE STEEL BEAM 
1 .  BCT 
WASHINGTON 
a )  Length of flared end section is 37 . 5  feet. 
b) Spacing of posts is 6 feet , 3 inche s .  
c )  Terminal posts are wood , 6 by 8 inches or 8 by 8 inche s .  
d )  Another BCT design shows a 100-foot flare with end made up o f  
a 50-foot parabola. 
2 .  TURNED-DOWN 
Use not indicated in survey response . 
3 .  OTHER 
Buried-in-Cut-Slope 
This end treatment is used with steel end post anchored in 
concrete. Total length of flare is 5 t imes tangent offset at 
maximum flare or a minimum of 100 feet . Height of guardrail 
carried across ditch is 2 feet,  3 inches from ground level to 
top of rail . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated . 
C .  MEDIAN-BARRIER END TREATMENT 
No information provided in survey response .  
D .  GUIDELINES 
1 .  For new construction or reconstruc tion, the preferred end 
treatment is to bury the end in a cut slope. 
2 .  A guardrail barrier may be extended up to 200 feet in order to 
bury end in a slope . 
3 .  BCT is used when end cannot be buried in cut slope . 
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WEST VIRGINIA 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a) End section is offset 4 f eet over a flare distance of 37 . 5  
f ee t .  A s ingle W-beam continuous section 2 5  feet long is 
used at end . 
b )  Post spacing is 6 feet , 3 inches throughou t .  
c )  Approach and terminal pos t s · are wood . 
d )  Two end posts are 6- by 8-inch wood posts without offset 
blocks when concrete-footer end foundation is used . 1-lhen 
using tubular-steel end foundation, 5 1/2- by 7 1/ 2-inch wood 
posts are used without offset blocks . 
2 .  TURNED-DOHN 
Use not indicated in survey respons e .  
3 .  OTHER 
a )  Buried-in-Cut-Slope 
1 )  Cut-Slope Terminal (CST) , Type A is for anchoring into 
soft sha l e  or soi l . Far this case, the guardrail  extends 
a minimum of two 6-fo o t ,  3 -inch spans into the cut slope . 
----------------------------���5-���ed a minimum of l-f�IW>�g�r�o�u�n�d�l�ee'¥:ee*l---------------­
o f  the back slope , except in heavy rock outcropping , where 
the minimum depth may be 6 inches .  
2 )  Maximum longitudinal distance is 2 00 feet . If slope is 
not encountered in 200 fee t ,  a BCT is used . 
3 )  Flare length is based on lateral distance to cut slope . 
b )  Rock Cut 
Cut Slope Terminal , Type B is for anchoring into shale or 
rock cut .  The guardrail i s  flared to the rock cut across 'the 
ditch line while maintaining normal rail heigh t .  An end shoe 
is attached to the guardrail and bolted to the rock cut .  
c )  Downstream End Treatment 
BCT trailing end is used for all multilane divided highways .  
Cable is tied into last post and the post is anchored by 
inserting into steel tube . 
d )  Unanchored End Trea tments 
Used 1n some s1tuations , dependent 
speed . Length of flare is dependent 
vary from 4 feet to 8 feet . Buffer 
rail . 
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
Use not indicated in survey response . 
C .  MEDIAN-BARRIER END TREATMENTS 
upon AADT and design 
upon offse t ,  which may 
is at tached at end o f  
For 4 0 - and 60-foot medians , a BCT i s  used f o r  approach end . The 
BCT ends at center of median area . At a distance of 1 2 . 5  feet 
d owns tream from end of BCT, another rail is attached to back side of 
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rail for a distance of SO feet for 40-foot medians and 6 2 . 5  feet for 
60-foot medians . 
D .  GUIDELINES 
1 .  On federal-aid projects , the end terminals are BCT or Cut-Slope 
Terminal ( CST) , as applicable . 
2 .  On state projects , end treatments are based on the following 
table : 
DESIGN YEAR AADT 
399 or Les.s 400-999 1 , 000 o r  Greater 
Less 50 inph Less 50 mph Less 5 0  mph 
Design Than or Than or Than or 
Speed 50 mph Greater 50 mph Greater 50 mph Greater 
End Flared , Flared, Flared, BCT Flared , BCT 
Treatment Not Not Not or Not or 
Anchored Anchored · Anchored CST Anchored CST 
• 
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\HSCONSIN 
A. ROADSIDE STEEL BEAN 
1 .  BCT 
a) Length of parabola, spacing of posts and offset distance are 
the same as 1 9 7 7  AASHTO Gui d e .  
b )  S t andard 4-foot offset is used with a 2-foot minimum offset 
where space is very limited . 
c )  Use 5 1/2- by 7 1 /2-inch wood posts anchored in steel tubes . 
2 .  TURNED-DO\.JN 
a )  Last 3 9  f ee t ,  4 3/4 inches turned through 9 0  degre<>s t o  a 
concrete anchor with no pos t s  the last 1 4  f ee t ,  4 3/4 inches . 
b )  A 6-foot minimum offset over a 64-foot,  4' 3/4-inch minimum 
flare length .  
3 .  OTHER 
Downstream Terminal 
A cable terminal is used for the d01mstream end of guardrail 
installed on divided highways .  The cable is connected from the 
guardrail (llet.,een the last t'w posts) to the last post. The 
cable a ttachment to the last post is the same as used for the 
fir s t po s t i u the B C'f L rea tme n t . 'I'he----ia s t po s L i--s---a:---'i----t-H>---fT.cr--'1----------
1 / 2-inch wood post inserted in a steel tub e .  
B .  OTHER TYPES OF ROADSIDE GUM1DRAIL 
Use not indicated c 
C .  l1EDIAN-BARRIER END TREATI1ENT 
Turned-down end treatments used . 
D .  GUIDELINES 
Require guardn\il ends to be ramped down and flared out to a 
c oncrete anchor . The BCT is warran ted only for the ends o f  
guardrail that is terminated at o r  interrupted for driveways or 
minor side roads . A cable terminal is specified for the downstream 
ends of guardrail installed on divided high,vays .  
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WYOMING 
A .  ROADSIDE STEEL BEAM 
1 .  BCT 
a )  Length of parabola, spacing of posts,  and offset distance are 
the same as 1977 AASHTO Guide when parabolic flare is used . 
b )  The parabolic flare is used only when no flare on a 1 0 : 1  i s  
possible and i s  an absolute minimum t o  turn the BCT away from 
approach traffic.  
c)  Two steel diaphragms ( 14-gage steel) used in terminal 
section. 
d )  Wood breakaway posts placed in concrete footing used.  
e )  The alternate of  a sleeve base for the BCT is  being add�d . 
2 .  TURNED-DOWN 
Two treatments are used . 
a )  The first (original) involves turning the rail through 90 
degrees and anchoring the end over a distance of 25 feet 
with a constant post spacing of 6 feet , 3 inche s .  
b )  A modified turned-down treatment i s  specified in which 
the rail is again turned through 90 degrees over a length 
o f  rail of · 25 feet, but no posts are placed in this 
length. Als o ,  the first five posts have modified post 
connections in which the rail element is not connected to 
the posts.  Back-up plates are bolted to the wood posts . 
The rail elements are rested on the back-up plates and 
held in place with a fastening strap at each pos t .  The 
end in both instances is at the end of a ,  1 0 : 1  flare so 
that it is offset 30 feet from the edge of traveled way . 
3 .  OTHER 
a )  Downstream Terminal 
A cable and rod is connected from the guardrail (between the 
first and second posts)  to a buried concrete anchor , which is 
located about 5 feet,  6 inches from the last post .  
b )  Buried-in-Cut-Slope 
The rail is flared across the ditch (maintaining guardrail 
height) and the end is bolted onto a buried concrete anchor 
block The guardraiJ end i s  offset 7 . 29 feet from the ditch 
bottom. A 25-foot section of rail is flared at a radius o f  
47 .75  fee t .  
B .  OTHER TYPES OF ROADSIDE GUARDRAIL 
BOX BEAM 
An 18-foot section of rail is angled to the ground and anchored in a 
buried concrete anchor .  The last post is about 15 feet from the 
end . The end is not offset .  
C .  MEDIAN-BARRIER END TREATMENT 
Either the BCT, turned-down , or buried-in-cut slope treatment is 
used . The rail is flared at a 10 : 1  slope so the end is 30 feet from 
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the edge of the traveled Hay Hhenever possible . 
D .  GUIDELINES 
Normally at tempt to locate the end anchorage a t  least 30 feet from 
the edge of traveled Hay for all types of barrier sys tems . \h th W­
beam and BCT, a minimum 4-fo o t  offset in conjunction Hith a 
parabolic flare may be used , but this normally is  used only on 
loHer-volume roadHays . For W-beam guardrai l ,  three types of 
approach guardrail end treatments are used : the turned-doHn 
(original and modified ) ,  the BCT, and the " buried-in-cut-slope" 
treatment .  The "buried-in-cut-slope" is  regarded as the safest 
anchorage and is  used whenever the rail can be flared and buried in 
a cut slope . The BCT is  acceptable on any new construction or 
upgrading projec t .  The original turned-down end treatment is  not 
used on new construction and should be upgraded to the modified 
version or replaced with a BCT or buried trea tment on upgrading 
pro jects . The modified turned-dmm end treatment could be used on 
new const ruction but its use i s  not recommended � On upgrading 
project s ,  the modified turned-down treatment should be used where 
o r i ginal turned-down treatments are exi s t i ng and upgrading is to be 
performed with a minimum cos t .  In either cas e ,  it is not to be 
l ocated atJy cl oser tban 200 feet of a bridge end or othe-r--bt<ac:z«aacrrdCI--------� 
that may be impacted by ramping . 
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